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PREFACE. 



The tardy progress of Mineralogy in this country, and in England, pre- 
sents a striking contrast with its rapid advancement in continental Europe. 
The new systems of classification, and the various methods of crystallographic 
examination, which every passing year has there produced, evince alike the 
activity and penetration of its zealous cultivators. The principles of Crys- 
tallography, as developed by the Abbe Hauy, the memorable founder of this 
Science, were immediately, on their publication, hailed as new light, and for 
a time, his methods of calculation were expounded by different authors, and 
his crystallographic nomenclature and notation very generally received. But 
the more elegant and much simplified systems, soon after developed by the 
German philosophers, and, at the present time universally employed by them 
in all crystallographic investigations, are, to a great extent, unknown in the 
English tongue ; and wholly so, if we except the valuable translation of Mohs 
by IIaidinger, and the various memoirs of unusual merit by the latter, 
and also by the Rev. Wi. Whewell. In addition to these improvements, 
we are also indebted to the illustrious Mohs for a Natural Arrangement of 
the Mineral Species, by means of which Mineralogy has been elevated to its 
proper rank among the Natural Sciences. The hope of filling up, in some 
degree, the existing blank in these departments of American Mineralogical 
Science, and of contributing to its advancement, by combining the various ex- 
cellencies from the most valuable works on this Science, has induced the au- 
thor to offer the following Treatise to the American public. 

The classification of the mineral species, which is hero adopted, is strictly 
a Natural Arrangement. The superiority of this method is exhibited in the 
body of the work, and in connection with the remarks on Chemical Classifi- 
cations, in Appendix B. Although founded by Mohs on the external char- 
acters of minerals, it exhibits, in a considerable degree, the chemical rela- 
tions of the species ; and those who are accustomed to prefer a chemi- 
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cal arrangement, will probably perceive that, in addition to such qualities as 
appear to recommend the chemical method, it possesses other advantages not 
less important. 

The changes which have been made in the nomenclature of minerals appear 
to be demanded by the state of the Science. The present names, excepting 
those proposed by Mohs, are utterly devoid of system, unless we may consider 
such the addition of the syllable ite to words of various languages ; and even 
this glimmering of system has been capriciously infringed by a French min- 
eralogist of much celebrity ; — they seldom designate any quality or character 
peculiar to the mineral ; neither do they exhibit any of the general relations 
of the species, by which the mind may, at a glance, discover their natural 
associations, and be assisted in obtaining a comprehensive view of the Sci- 
ence. On the contrary, they are wholly independent, and often worse than 
unmeaning, appellatives, and are only tolerable in a very unadvanced state of 
the Science. As a necessary consequence of this looseness of nomencla- 
ture, most of the species are embarrassed with a large number of synonyms, 
a fertile source of confusion and difficulty. 

As a remedy for this undesirable state of things, a system of nomencla- 
ture, constructed on the plan so advantageously pursued in Botany and Zo- 
ology, was proposed by the author in the fourth volume of the Annals of the 
New York Lyceum. The necessity for something of the kind is very ap- 
parent, and the author trusts that it will not be considered a needless innovation. 
The progress of knowledge is much retarded by a reluctance to change with 
the advancement of Science. “ In general,” to use the words of one entitled 
to speak with authority, “ nothing which tends to render any of the parts of a 
science stationary, can be beneficial to it ; the whole should together advance 
as discovery and information multiply.” (Berzelius : Traite de Chim. t. I.) 

The mutual dependence of the forms of crystals and their optical prop- 
erties, might have afforded an additional method for determining the system of 
crystallization of minerals. For our knowledge of this subject, we ai’e princi- 
pally indebted to Sir David Brewster, for a full and systematic exposition of 
which, from his able pen, Science has long and anxiously waited. His various 
articles in the Scientific Journals, and in his separate publications, encourage us 
to expect that in a more advanced stage of Optical Science, this may prove one 
of the most important and available aids to the crystallographer. In the 
chapter on Double Refraction, the connection of refraction with crystalline 
form is briefly stated. 

The curious discoveries of Savart, concerning the acoustical properties of 
crystals, promise another means for ascertaining the crystalline form. This 
philosopher has been enabled to infer the primary planes of a crystal of quartz 
from the sound and acoustical figures produced by their vibration. Much 
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farther investigation will, however, be required before this subject will be suf- 
ficiently systematized to become practically useful. 

It will be observed that the method of lettering crystals is somewhat pecu- 
liar. The custom of indiscriminately distributing letters on the planes of crys- 
tals, secures no advantage beyond that of merely designating these planes. 
The method employed affords important aid in determining flie situation ot 
planes. Its analogy to Naumann’s method of notation, explained in the Ap- 
pendix on Mathematical Crystallography, is manifest without particular illus- 
tration. The system proposed by the author, in the twenty-eighth volume of 
Silliman’s American Journal of Science, is relinquished. 

In the classifications for the determination of species, a tabular arrange- 
ment has been preferred. A similar method was employed as early as 1771, 
by Dr. John Hill, who, in his work on Fossils, arranged the minerals then 
known, in tables, exhibiting in separate columns their specific characters, “ un- 
der the heads of Form, Plardness, Weight, Surface, Colour, and Qualities, as 
distinguished by the taste, smell, or touch.” In the construction of the ar- 
rangements adopted, I have not been averse to the introduction of any character 
that could aid the student. With the assistance both of the blowpipe and of acids, 
the difficulties are sufficiently great ; and by rejecting these aids, we deprive 
ourselves of what are frequently the most convenient, and often the only 
methods that can be employed. 

The treatise on the calculation of the dimensions and angles of crystals, 
from the masterly work of Naumann, is placed in the Appendix ; not on ac- 
count of its inferior importance, but simply because of its somewhat unattract- 
ive appearance. The value of crystallographic calculations in the examina- 
tion of the mineral species, and the importance they will probably be discov- 
ered to possess, in elucidating the principles of isomorphism and the relations 
of crystalline form and chemical composition, entitle this subject to high es- 
timation, both with the chemist and mineralogist. The only preliminaiy 
knowledge necessary, is an acquaintance with the principles of algebra and 
trigonometry : with these, the treatise on analytical geometry is readily 
mastered, and the application of the same, in the succeeding sections, be- 
comes easily intelligible. It may demand of the student patient and perse- 
vering study ; but the advantage of the knowledge, when obtained, and the 
increased interest the science will derive from these elegant and interesting 
developments of the structure of crystals, will amply reward his toil. 

In preparing the descriptive part of this work, I have freely availed myself 
of the labors of the best authors ; and more especially the learned Trea- 
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tises of Mohs and of Robert Allan. The recent copious “ System of Mine- 
ralogy and Geology,” by Thomas Thomson, has also afforded me much as- 
sistance. Very many of the analyses herein given, and the references there- 
with connected, are derived from that elaborate work. For most of the obser- 
vations on the names of the minerals known to the ancients, I am under 
obligation to the “Ancient Mineralogy” of Prof. N. F. Moore. The noti- 
ces of the localities of American minerals, have been principally drawn from 
the late Treatise by Prof. Shepard, a work which has tended much to advance 
and elevate American mineralogical science. Occasional reference has also 
been made to the valuable works of Cleaveland and Emmons. The va- 
rious scientific Journals of the country have also been consulted, and espe- 
cially that extensive lepository of the scientific labors of our countrymen, 
Silliman’s American Journal of Science. 

A few minerals here introduced, have not been provided with systematic 
names. It appeared advisable to forbear naming them, until their specific 
characters are more fully established. 

The Catalogue oi foreign works on Mineralogy comprises the fathers of 
the Science, with a selection of the more important treatises of modern times. 
The Ameiican catalogue is intended to record not only ail separate works, 
but likewise all mineralogical articles of any importance found in the trans- 
actions of learned societies, in scientific journals, and other periodicals. This 
is doubtless incomplete ; nor is it possible, without long continued labor, to 
render it perfect. I trust that the difficulties attendant on its execution, will 
be a sufficient apology for any omissions which may be detected. 

My grateful acknowledgments are due to Prof. Silliman, who, with his 
accustomed liberality, has granted the freest access to his extensive library. 

I have, by this means, been enabled to examine at an early date most of the 
important European journals, and thus to include the latest discoveries. 

I would also acknowledge the constant kind attentions of my much esteemed 
friend, Mr. Edward C. Herrick, to whom I am indebted for many valuable 
suggestions. 

New Haven, May 1st, 1837. 



Correction.— Since the printing of this work I have been informed by Dr Per 
cival, who, with Prof. Shepard, has lately been engaged in the Geological Survey 
of this State, that the supposed mountain of Saussurite, at Canaan, (see p 288 ) is 
a low ridge of limestone, containing beds of white pyroxene. ' * ’ 
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INTRODU CTION. 



COMPARATIVE VIEW OF THE NATURAL SCIENCES. 



1. The productions of our globe naturally distribute themselves 
into three grand kingdoms, the Animal, the Yegetable, and the 
Mineral ; and our knowledge of their external characters, is com- 
prised in the Natural Sciences, Zoology, Botany, and Mineralogy. 

The two first kingdoms include all beings possessed of vitality : 
beings which increase by an assimilation of nutritive substances, 
taken internally ; which arrive at maturity by a series of success- 
ive developments ; whose parts are mutually dependent, and can- 
not be separated without destroying the perfection of the indi- 
vidual ; which, after a certain period, lose the capability of con- 
tinuing the usual functions of life, and consequently die. The 
powers of vitality being no longer present to counteract decompo- 
sition, death is soon followed by a complete destruction of the 
original living - being. 

The Mineral kingdom, on the contrary, contains those natural 
objects that are not possessed of life : objects which increase by 
accretion merely, or an external addition of particles, unaltered by 
any powers of assimilation in the object ; which are equally per- 
fect in the embryo state, or at the earliest commencement of their 
formation, and in the enlarged individual ; whose individuality is 
not destroyed by a separation of parts ; whose formation is origi- 
nally the result of chemical attraction, and, consequently, they are 
not, from their nature, necessarily liable to decomposition. 

Mineralogy comprises the two distinct, though closely allied 
sciences, Mineralogy proper, and Geology . The former considers 
minerals as independent bodies ; the latter, in their dependent re- 
lations, constituting soils and various rocks. It is the object of 
Mineralogy to describe the individual qualities of the several mine- 
ral species, while Geology treats of them only as associated in the 
structure of the earth. 

In the following treatise, we shall be occupied only with the 
former of these sciences. Mineralogy and Geology, however, are 
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so intimately related, that it will be impossible to be complete in 
onr accounts of minerals, without making some Geological ob- 
servations. 

Previous to entering on this subject, it will be necessary to un- 
derstand what is a mineral. The word Mineral is applied to all 
inorganic natural objects, whether solid, liquid , or gaseous. This 
signification is much extended beyond its original limits. Some 
term, however, was required, applicable to all inorganic bodies, and 
the extension of this word has been preferred to the coinage of a 
new one. 

MINERALOGY : SUBDIVISIONS OP THE SUBJECT ADOPTED IN THE 

FOLLOWING TREATISE. 

2. There exists in organic matter a power called crystallization, 
or crystallogenic attraction, by the action of which, minerals re- 
ceive their peculiar forms. This power is analogous to vitality in 
the animal and vegetable kingdoms, whence arises the variety of 
structure in plants and animals. Under the head of Crystal- 
lology, or the Science of the Structure of Minerals , this subject 
will occupy Part I. of the following treatise. Crystallology in- 
cludes the two sections ; 1 . Crystallography, or descriptions 
of the crystalline forms of minerals ; 2. Crystallogeny, the for- 
mation and internal structure of crystals. 

Having concluded the account of the structure of minerals , we 
next consider their properties. 

First, those depending on the transmission and reflection of 
Light , on Electricity , Magnetism , Gravity, Cohesion , and also, 
their relations to the senses of taste and smell , or their Taste 
and Odor. These may be termed the Physical Properties of 
Minerals , and will constitute the subject of Part II. 

Second, those properties ascertained by the action of chemical 
reagents and the blowpipe. These, the Chemical Properties of 
Minerals * will be considered in Part III. 

Taxonomy , or the subjects of Classification and Nomenclature , 
will be comprised in Part IT. 



* These characters require for their determination a destruction of the indi- 
vidual, and have therefore, been rejected by many distinguished mineralogists, who 
would confine themselves to Natural History , or external characters. 

After much examination, with prejudices at the time in favor of the above views, 
I am fully convinced, that these alone are insufficient for the determination of many 
mineral species, often so Protean in several of their characters. One instance of this 
difficulty, from among several which now occur to me, is the discrimination between 
carbonate of strontian, carbonate of barytes, and sulphate of strontian, when their 
crystalline form is not distinct, and the specimen is so situated, that the specific 
gravity cannot be determined. Each of these minerals may have a white color, the 
same hardness, similar lustre ; and, in general, all their describable physical pro- 
perties ^re the same. It is allowed, that the experienced mineralogist might not 
perceive any difficulty ; but what means has the tyro in the science of distinguishing 
these three species'? None but chemical. A drop of acid decides which is the sui- 
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Parts V. and VI. will include the classifications of the mineral 
species, according' to the methods pointed out in the preceding sec- 
tions ; Part Y. the artificial classifications for the determination of 
the names of species, under the general head of Determinative 
Mineralogy ; Part YI. the natural classification, with full descrip- 
tions of the species, under the title of Descriptive Mineralogy . 

3. In the progress of the treatise, a few of the simple definitions 
in geometry will be required, which may be here explained. 



a. A plane angle is the divergence of two straight 
lines from a given point ; as the angle ACB formed by 
the meeting of AC and BC. If a circle be described, 
u with the angular point C as the centre, and its cir- 
cumference, BFEDA, be divided into 360 parts, the 
number of these parts, included between the two 
lines forming the angle, will be the number of de- 



grees contained by the angle ; that is, if 40 of these parts are in- 
cluded between A and B, the angle ACB equals 40°. DF being 
perpendicular to EB, these lines divide the circumference into four 
equal parts, and, consequently, the angle DCB equals 360° 4 

equals 90°. This is termed a right angle. It will be observed, 
that the size of the angle is independent of the lines DC and BC. 
An angle of any other number of degrees is termed an oblique an- 
gle, and if it is less than a right angle, as ACB, it is an acute an- 
gle, if greater, as ACE, an obtuse angle. 

b. The angles ACE and ACB together equal 180°, because the 
arc BAE, which measures them, is half the circumference. If 
ACB, therefore, is known, we may find ACE by subtracting ACB 
from 180°. 



c. A triangle is a figure bounded by three straight lines. If 
the sides are equal, the triangle is equilateral , (1) : if two only are 
equal, it is isosceles , (2) : if all are unequal, scalene , (3, 4) : when 
the angles are all acute, it is termed an acute angled triangle , (3) : 
when there is one obtuse angle, an obtuse angled triangle , (4). 

If one angle of a triangle is right, it is termed a right angled 
triangle , (5.) 

d. The sum of the angles in a triangle, equals 180°. 



phate, and the application of the blowpipe, by the deep red color of the flame, deter-, - 
mines which of the two carbonates contains strontian. Chemical tests must, there- 
fore, be admitted, as a matter of necessity, among the means of distinguishing the 
mineral species. 
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e. A square is bounded by four equal sides, meeting at right 
angles, (6.) 

f. A rectangle differs from a square in having only its opposite 
sides equal, (7.) 

g. A rhomb is an oblique angled plane figure, contained under 
equal sides, the opposites of which are parallel, (8.) 

h. A rhomboid differs from a rhomb, in having only its oppo- 
site sides equal, (9.) 

i. A diagonal of either of the above figures is a line connect- 
ing the opposite angles ; in fig. 8, one is called the longer, the 
other the shorter diagonal. 



k. The four angles, in either of the above four sided figures, 
equal 360°. 

l. A prism is a solid, bounded by plane faces, two of which are 
parallel and are called the bases , (fig. 50, PI. I.) and the other faces 
M, M, the lateral planes. These prisms either stand erect on their 
bases, the lateral planes being perpendicular to the basal, or they 
are inclined, the lateral planes not being perpendicular to the basal. 
The first are called right prisms , the second oblique prisms. 

m. Octahedrons are bounded by eight triangular faces, (figs. 4, 
52, PI. I.) 

n. Dodecahedrons are contained under twelve faces, (fig. 7, 
PI. I., and fig. 124, PI. II.) 

o. An interfacial angle, is the angle contained by two faces of 
a crystal, and measures their inclination. It is designated by the 
letters on the faces which form the angle, as the interfacial angle 
M : T, for the angle of inclination of plane M on plane T. 

p. A solid angle is formed by the meeting of three or more 
planes or faces of a crystal. 

r. Any lines in these solids, connecting similar parts, diagonally 
opposite, may be called axes ; for example, the lines connecting 
the vertices of opposite solid angles, the centres of opposite edges, 
or the centres of opposite faces. The particular axes which have 
been assumed for the purposes of crystallography, will be hereafter 
stated. 

s. Similar faces have their corresponding angles equal. 

t. Similar edges are those formed by the inclination of similar 
faces equally inclined. 

u. Similar solid angles are formed by the meeting of the same 
number of plane angles, equal each to each, and belonging to planes 
respectively similar. 



MINERALOGY. 



PART I. 

CRYSTALLOLOG Y, 

OR, THE SCIENCE OF THE STRUCTURE OF MINERALS. 



SECTION I. 

CRYSTALLOGRAPHY. 

4. A crystal is an inorganic solid, bounded by 'plane sur- 
faces symmetrically arranged, and possessing a homogeneous 
structure. 

In its original signification, this term applied only to crystals of 
quartz, which the ancient philosophers believed to be water con- 
gealed by a very intense cold. Hence the term, from xpuaVccXXo^, ice.* 
It now includes all those regular solids that owe their formation to 
the same kind of attraction that produced the xpuoVctXXog- of the an- 
cients, or which, like that, possess a regular form, whatever may 
be the color or the degree of transparency or opacity. 

5. The varieties of crystalline forms, occurring in the mineral 
kingdom, are exceedingly numerous. They are all derivable, how- 
ever, from a few simple solids, which are denominated the primary 
forms. The derivative forms are termed secondary forms of these 
primary solids. 



* Diodorus II. 52, p. 163, WeSS. — roiif yap KpuaraWovs XWovs e%etv r>jv ovaTaaiv vSaros 
Kadapov irayh/Tos , ov% bird ipu^ouj, uAA’ bir b Ssiov jrvpos Svvapews. 

Seneca. Gluaest. Nat. III. 25: Unde autem fiat ejusmodi lapis apud Graecos ex ipso 
nomine apparet. KpuoraAW enim appellant aeque hunc perlucidum lapidem quam 
illam glaciem ex qua fieri lapis creditur. Aqua enim ccelestis minimum in se ter- 
reni habens, quum induruit longioris frigoris pertinacia spissatur magis ac magis 
donee omni acre excluso in se tota compressa est, et humor qui fuerat, lapis effec- 
tus est. 

Plinius, Hist. Nat. XXXVII. 2: Murrhina — humorem putant sub terra calore 
densari. Contraria liuic causa crystallum facit, gelu vehementiore concreto. 
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A cube, fig. 1, is one of the primaries ; the same with its angles 
removed, fig. 2, is a secondary to the cube, and the planes a, a, on 
the angles, are called the secondary planes. The cube, with its 
edges removed, fig. 5, is another secondary to this solid ; and as 
above, the planes e are secondary planes, and P, the remaining 
parts of the primary. 

The occurrence of these forms is governed by two important 
laws, on which the value of the science of Crystallography to the 
mineralogist mainly depends: 1. that the same mineral presents 
universally the same primary form, and always, when crystallized, 
exhibits either this primary or some secondary to it ; 2. that a 
particular primary is invariable in its interfacial angles, and the 
interfacial angles of its similar secondary planes. 

Thus galena always crystallizes in cubes, or secondaries to this 
primary ; calcareous spar, in oblique prisms of constant angles, or 
some modification of this form, produced by a simple law, which 
will be given in a future section. 

We are thus enabled, by a determination of one or two angles, 
to arrive with certainty at the names of most of the mineral species, 
when they occur in regular crystals. 



CHAPTER I. 

PRIMARY FORMS. 

COMPARATIVE VIEW OF THE PRIMARY FORMS. 

6. The primary solids are fourteen in number, and may be dis- 
tributed as follows : 1. Prisms ; 2. Octahedrons ; 3. Dodecahedrons. 

The prisms have either a six-sided base, or a four-sided base. 

Of the former there is but one instance in the mineral king- 
dom. Its name, derived from the nature of the base, a regular 
hexagon, is the Hexagonal Prism, fig. 114. 

The prisms with tetragonal bases are either right or oblique, 
(§3, 7.) and are named according to their bases. 



1. Bight Prisms . 



Base a square; lateral planes equal to basal. 
Base a square ; lateral planes not equal to basal. 
Base a rectangle, (§ 5, e.) 

Base a rhomb, (§ 5, e .) 

Base a rhomboid, (§ 5, e.) 



Cube , (fig. 1.) 

Right Square Prism , (fig. 59.) 
Rt. Rectangular Pm. (fig. G9.) 
Rt. Rhombic Pm. (fig. 72.) 

Rt. Rhomboidal Pm. (fig. 87.) 
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2. Oblique Prisms. 

Base a rhomb; lateral planes equal to basal. Rhombohedron * (fig. 107, 108.) 

Base a rhomb; lateral planes not equal to basal. Ob. Rhombic Pm. (fig. 91.) 

Base a rectangle. Ob. Rectangular Pm. 

Base a rhomboid. Ob. Rhomboidal Pm. (fig. 103.) 

The octahedrons are also named from their bases. The base of 
the octahedron is a section passing through four angles. 



Base a square; faces equilateral triangles. Regular Oct. (fig. 4.) 

Base a square; faces isosceles triangles. Square Oct. (fig. 52.) 

Base a rectangle. Rectangular Oct. (fig. 81.) 

Base a rhomb. Rhombic Oct. (fig. 7b.) 

The square octahedron has only one square section, (fig. 52 ;) 
those through the other angles are rhombs. In the same manner 
the rectangular octahedron has but one rectangular section ; its 
others are rhombs. All the sections of the rhombic octahedron are 
rhombic. 

There is but one primary dodecahedron. This is contained 
under rhombic faces, and is called the Rhombic Dodecahedron , 
(fig- 7.) 

7. A more comprehensive view of the relations of the primary 
forms is given in the following table. 



* This solid is usually termed the rhomboid. This name, however, is the ordinary 
appellation of a plane figure, (§ 3, 9,) and is therefore improperly applied to a solid; 
and particulary to one, none of whose faces are rhomboids. 
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DESCRIPTIONS OF THE PRIMARIES AND THEIR MUTUAL 

RELATIONS.* 




8. Cube — Regular Octahedron — Rhombic Dodecahedron. 

a. Cube , (fig. 1.) The faces of the cube are equal, and their 
plane angles right. Its eight angles and twelve edges are therefore 
similar. Its eight angles are represented as truncated in fig. 2 ; the 
removal of the angles is continued still farther in fig. 3, and to the 
obliteration of the primary planes in fig. 4. which is an octahedron. 
The octahedron may therefore proceed from the cube, by replacing 
its solid angles, which are in number equal to the faces of the oc- 
tahedron.t 

Fig. 5 is a cube, with its edges truncated. This process is con- 
tinued in fig. 6, and completed in fig. 7, which is the rhombic 
dodecahedron. This solid, therefore, may be cut from a cube, by 
removing its edges in the above manner. 

b. Octahedron , (fig. 4.) The regular octahedron has six solid 
angles and twelve edges, all of which are similar. Its plane an- 
gles are 60°, and its interfacial 109° 28' 16". Its passage into 
the cube is observed in figs. 3, 2, 1, where it is seen to proceed from 
a truncation of the solid angles, which are six in number. Its 
edges are truncated in figs. 9 and 8, and the resulting form, repre- 
sented in fig. 7, which is again the rhombic dodecahedron. Its 
edges equal in number the faces of this solid. 

c. Rhombic Dodecahedron. The rhombic dodecahedron has 
twenty-four similar edges. The faces being rhombs, and conse- 
quently, two of the plane angles obtuse, and two acute, the solid 



* In the following remarks on this subject, a few technical terms are employed, to 
avoid circumlocutions. They may be explained as follows : 

Replacement. An edge or angle is replaced , when cut off by one or more second- 
ary planes. , . , 

Truncation. An edge or angle is truncated , when the replacing plane is equally 
inclined to the adjacent faces, (fig. 2, a, and 5, e.) 

Revetment. An edge is beveled , when replaced by two planes, which are respect- 
ively inclined at equal angles to the adjacent faces, (fig. 10, e'.) It may be applied to 
an angle when it is replaced by three planes, each inclined at the same angle, to its 
adjacent face, (fig. 14.) Truncation and bevelment can only occur on edges or 
angles formed by the meeting of equal planes. 

Planes, on an edge, have their intersections with the adjoining faces, parallel to the 
edge The intersections of e' e', fig. 10, are parallel to the original edge. 

Planes on an angle , intersect the basal face parallel to its diagonal. The intersec- 
tion of a with the basal P, (fig. 2, or 51,) is parallel to the diagonal of P. 

Intermediary planes , intersect the basal faces parallel neither to the diagonal nor 
to an edge, but have an intermediary situation. Such are planes o, o, (fig. 24 
and 58.) 

f The facts stated in this and the following paragraphs, would be more thoroughly 
impressed on the mind of the student, if he should perform the dissections here de- 
scribed, with some convenient material, as chalk, raw potatoes, wax, or wood. By 
thus actually deriving one form from another, the mutual relations of the primary 
forms will be easily understood. Chalk is, for many reasons, preferable for this pur- 
pose. When the models are finished, their surfaces may be rendered quite hard, by 
covering them with a solution of gum or varnish. 
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angles are of two kinds ; six are formed of four acute plane angles, 
and are called the acute solid angles ; eight are composed of three 
obtuse, and are called the obtuse solid angles. The former corres- 
pond to the number of faces of the cube, and yield by their trun- 
cation this solid, (figs. 6, 5, 1 ;) the latter to those of the octahedron, 
and truncated, afford an octahedron, (figs. 8, 9, 4.) The plane 
angles of the dodecahedron are 109° 28' 16", and 70° 31 7 44" : its 
interfacial angles equal 120°. 

9. Right Square Prism and Square Octahedron. 

a. Right Square Prism. All the basal edges of the right square 
prism are equal, but unequal to the lateral. There are, therefore, 
two kinds of edges, eight basal and four lateral. The eight solid 
angles are each composed of three right angles, and are therefore 
similar. A replacement of the eight solid angles gives rise to a 
right square octahedron, (figs. 51, 52,) in a manner similar to the 
derivation of a regular octahedron from a cube. 

b. Square Octahedron. The edges of the square base of this 
octahedron are termed the basal ed^es, and are four in number. 
The other edges have been variously designated, the 'pyramidal 
and terminal. The latter term will hereafter be employed. The 
same remark applies to the remaining octahedrons. The truncation 
of the six solid angles of this solid affords the right square prism. 

10. Right Rectangular Prism — Right Rhombic Prism — 
Rectangular Octahedron , and Rhombic Octahedron. 

a. Right Rectangular Prism , (fig. 69.) In the right rectangu- 
lar prism, there are two kinds of basal edges, each of which is 
unlike the lateral. It has, therefore, three kinds of edges, four of 
each kind. Its faces being unequal, either one might be considered 
the base ; it is, however, usual, in figuring crystals of this kind, to 
assume the smallest for the base, and to make the smaller of the 
lateral the right hand plane. Its eight angles are similar. 

A replacement of four similar lateral edges is represented in fig. 
70, and also a deeper replacement in fig. 71. The completed form 
thus obtained is a right rhombic prism, (fig. 72.) Conversely, the 
replacement of the lateral edges of the right rhombic prism affords 
a right rectangular prism, (figs. 71, 70, 69.) 

b. Right Rhombic Prism. This prism is in position when on 
its rhombic base, Avitli an obtuse edge towards the observer. Its 
basal edges are similar. Its lateral are of two kinds ; two obtuse 
and two acute. Its angles are also of two kinds; four obtuse and 
four acute. 

Fig. 73 represents a rhombic prism, situated within a rectangular, 
and elucidates the fact above stated, that the frees of the former 
proceed from a replacement of the edges of the latter. From it is also 
obvious, that the solid angles of the rhombic prism correspond to 
the basal edges of the rectangular ; and conversely, the solid angles 
of the rectangular prism to the basal edges of the rhombic. If, as 
the solids are situated in the figure, we replace the solid anyles 
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ol the rhombic prism, the same replaces the basal edges of the rec- 
tangular ; and if we replace the basal edges of the former, we, at 
the same time, replace the angles of the latter. 

c. It will now be understood, that a rectangular octahedron may 
be formed by replacing the basal edges of the rectangular prism, 
or the solid angles of the rhombic, (figs. 80, 81, and 82, 81;) also, 
that the rhombic octahedron may be formed by replacing the eight 
angles of the rectangular prism, or the eight basal edges of the 
rhombic, (figs. 74, 76, and 75, 76.) 

11. Right Rhomboidal Prism and Oblique Rhombic Prism. 

a. Right Rhomboidal Prism , (fig. 87.) The right rhomboidal 
prism has a rhomboidal base and two unequal rectangular lateral 
planes. Placed upon its rhomboidal base, it has two obtuse, e, e, 
and two acute, e, e, lateral edges, and two kinds of basal edges. Its 
solid angles are of two kinds, four obtuse and four acute. 

To exhibit the relation of this prism to the oblique rhombic 
prism, it is more convenient to make one of its rectangular faces 
its base, (fig. 88.) and the rhombic plane P a lateral plane, e is 
then an obtuse edge, and the prism thus situated is inclined back- 
ward. If now the lateral edges e, e, e. are replaced, a rhombic 
prism will be produced, (figs. 90, 91,) which, on account of the in- 
clined situation of the rhomboidal prism, will be an oblique rhom- 
bic. (Fig. 89, shows the same planes, e, on the rhomboidal prism, 
situated on its rhomboidal base.) Conversely, a truncation of the 
lateral edges of the oblique rhombic prism, (fig. 89 or 90,) gives rise 
to the right rhomboidal prism. In the present position of this pri- 
mary, it might be considered an oblique rectangular prism. The 
oblique rectangular prism differs from this, however, in being 
oblique over an angle, that is, in the direction of a c instead of a 1) 
or d c , fig. 88. 

b. Oblique Rhombic Prism , (fig. 91.) The oblique rhombic 
prism has two obtuse and two acute lateral edges ; four obtuse ba- 
sal, e, e, and their opposites ; four acute basal, e, e, and their oppo- 
sites, e, e. 

Octahedrons may be obtained from these solids ; but they would 
be oblique. Fig. 99, represents one formed by a replacement of 
its solid angles, or the terminal edges of the right rhomboidal 
prism. They do not occur in nature. 

12. Oblique Rectangular Prism. 

This form does not occur in the mineral kingdom. The re- 
marks concerning the oblique rhomboidal prism, may be consid- 
ered as applying also to this solid. It has been observed in some 
artificial salts. 

13. Oblique Rhomboidal Prism, (fig. 103.) 

The oblique rhomboidal prism has no similar parts except those 
which are diagonally opposite. There are, therefore, six kinds of 
edges, e-, -e, e-, -e, basal, and e, e, lateral, (fig. 103,) and four kinds 
of angles, (a, a, a-, • a .) 
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14. Rhombohedron and Hexagonal Prism. 

a. Rhombohedron. The rhombohedron has two kinds of solid 
angles. Two of these angles, a, a, (figs. 107, 108,) are composed 
either of three obtuse, (fig. 107,) or three acute, (fig. 108,) plane an- 
gles, and the rhombohedron is called obtuse or acute , according as 
these angles are obtuse or acute. These angles are called the ver- 
tical solid angles. The rhombohedron is in position when they 
are situated, the one vertically above the other, as in the above 
figures. The other six angles, (a, figs. 107, 108,) are similar, and 
are called the lateral angles. They are composed, either of two 
obtuse and one acute, or two acute and one obtuse plane angles. 
The edges are also of two kinds. Those which meet at the apices 
of the vertical solid angles, e, (figs. 107 and 108,) are of one kind, 
(obtuse in fig. 107, acute in 108,) and are called the terminal 
edges. The remaining six, (e,) are the lateral edges. It will be 
observed, that when the rhombohedron is in position, that is, when 
the line between the two vertical angles is perpendicular, the six 
lateral edges and six solid angles are symmetrically arranged about 
this line. We may, therefore, conclude, that the replacement of 
the angles or the edges, by planes parallel to this line, will each 
produce hexagonal prisms. This may also be observed in figs. 
Ill, 112, and figs. 109, 110. Fig. 114, is the completed hexagonal 
prism ; the terminal plane P, results from a truncation of the ter- 
minal angle of the rhombohedron, (fig. 113.) 

b. To obtain a rhombohedron from a hexagonal prism, it is ne- 
cessary to replace, similarly , the alternate edges at one end, (R, R, 
R, fig. 114,) and those alternate with these at the other, (R, <fcc.) ; 
or the alternate angles at one end, and those again alternate, at the 
other. Compare figs. 112 and 110, with 114. The situation of 
R, R, fig. 112, corresponds to the edges, R, R, fig. 109, and R, R, 
fig. 110, to the alternate angles. 

The diagonal of a face connecting two lateral angles of the 
rhombohedron, is called a horizontal diagonal ; that connecting 
a vertical with a lateral, is termed an inclined diagonal. 

15. Each of the oblique prisms contains two solid angles, which 
are analogous to the vertical in the rhombohedron ; that is, are 
composed either of three obtuse, or three acute plane angles. 
These angles have been called the dominant solid angles. If the 
plane angles of the dominant solid angle are obtuse, the prism is 
oblique from an obtuse edge, and is termed an obtuse prism ; if 
acute, the prism is oblique from an acute edge, and is termed an 
acute prism. 

CRYSTALLOGRAPHIC AXES, AND CLASSIFICATION OF THE PRI- 
MARY FORMS. 

16. In the preceding section it has probably been observed, that 
as several of the primary forms may be derivatives from one an- 
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other, they are naturally distributed into several classes, each to 
contain all those primaries which are capable of mutual derivation. 
Thus, the cube, octahedron, and dodecahedron, may be united in 
one class ; the right square prism and square octahedron, in a se- 
cond ; the right rectangular and right rhombic prisms, and the 
rectangular and rhombic octahedrons, in a third ; the right rhom- 
boidal and oblique rhombic, in a fourth ; the oblique rectangular, 
in a fifth ; the oblique rhomboidal, in a sixth ; and the rhombohe- 
dron and hexagonal prism, in a seventh. The same classification 
will follow, from the axes of these solids which we are now to 
consider. 

17. Cube , Octahedron , Dodecahedron, (figs. 1, 4, 7.) The axes 
of the cube, are lines connecting the centres of its opposite faces. 
They are consequently equal , arid intersect at right angles. If 
we derive an octahedron from the cube, after the manner described 
in § 8, a, the centres of the faces of the cube are the last of the pri- 
mary faces that vanish. The central point is, therefore, the angu- 
lar point of the octahedral angles, and, therefore, the axes of the 
cube which connect these points, connect the solid angles of the 
octahedron. The same lines are assumed as the crystallographic 
axes of the octahedron, and similar to those of the cube, they are 
equal , and intersect at right angles. If a dodecahedron be de- 
rived from a cube, as in § 8, a, it will appear in the same manner, 
that the axes of the cube will connect the acute solid angles, whose 
angular points are the centres of the faces of the cube. These are 
also the axes of the dodecahedron. 

The cube , octahedron , and dodecahedron , have, therefore, simi- 
lar and equal axes. They are hence naturally comprised in the 
same class. To this class may be applied the name Monometrica, 
from m - ovos , one , and psrgov, measure , in allusion to the equality 
of the axes.* 

18. Right Square Prism, and Square Octahedron, (figs. 50, 52.) 
The crystallographic axes of this prism, connect the centres of 
its opposite faces. The two lateral axes are equal, but unequal to 
the other, which is called the vertical axis. It is also termed the 
varying axis, since different right square prisms differ in the lengths 
of this axis. As in the regular octahedron, and for the same reason, 
the axes of the square octahedron connect the opposite solid an- 
gles. The two lateral are equal, but unequal to the vertical. To 
this class we give the name Dimetrica, from Sis, twofold, and iiirgov, 
measure, alluding to the two kinds of axes.t 

19. Right Rectangular Prism, Right Rhombic Prism, Rect- 
angular Octahedron , and Rhombic Octahedron , (figs. 69, 72, 81, 



* Synonyms. Tesseral or Tessular System of Werner and Mohs; Isometric of 
Hausmann. 

t Tetragonal System of Naumann; Pyramidal of Mohs; Monodimetric of Haus- 
mann. 
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76.) Ill the right rectangular prism, the axes connect the centres 
of the opposite faces, and, from the nature of the solid, are unequal 
to one another. Their intersections are rectangular. If a rhombic 
prism is formed from a right rectangular, by the replacement of its 
lateral edges, the lateral axes of the rectangular prism, will con- 
nect the centres of the opposite edges (fig. 71,) of the rhombic. 
These, therefore, are the lateral axes of the latter prism. The 
vertical axis joins the centres of the opposite bases in the same 
manner as in the rectangular. In a rectangular octahedron, derived 
from a right rectangular prism, the lateral axes unite the centres 
of the opposite edges, (figs. 80, 81.) The rhombic octahedron, 
formed on the angles of the same prism, contains as axes, lines 
connecting the opposite angles, similar to the regular octahedron, 
(figs. 75 and 76.) 

These four solids, capable of mutual derivation, and containing 
three unequal rectangular axes, may form the class Trimetrica,* 
from rgig, threefold, and ^sV^ov, measure , as there are three dissimi- 
lar axes. 

20. Right Rhomboidal Prism , and Oblique Rhombic Prism, 
(fiofs. 88, or 87, and 91.) In the right rhomboidal prism, the lines 
which are assumed as the crystallographic axes connect the cen- 
tres of the opposite faces. From an examination of their intersec- 
tions, it appears that two of the axes cross at right angles, while 
a third is inclined to one of the other two at an oblique angle. Out 
of three angles, formed by the intersections of the axes, two are 
right and one oblique. This may be rendered obvious, by a refer- 
ence to the inclinations of the planes to which the axes are parallel. 
The interfacial angle, (fig. 84, or 85,) M : T is an oblique angle, while 
P : T-90°. P : M=90°, that is, out of the three angles, two are right 
and one oblique. From fig. 82, it is apparent, that the oblique 
rhombic prism, derived from this solid in the manner described in 
§ 11, will have two lateral axes connecting the centres of the op- 
posite lateral edges. The axes have the same inclinations as in the 
right rhomboidal prism. There being but one oblique angle among 
the three just noticed, this class may be designated Monoclinata, 
[mvo s, one , and xXivw, to inclined 

21. Oblique Rectangular Prism , (similar to fig. 103.) The 

axes of this solid unite the centres of its opposite faces. Of three 
intersections, two are oblique and one right. This, therefore, forms 
the class Diclinata, twofold , and xXivw, to incline. + 

22. Oblique Rhomboidal Prism , (fig. 103.) The axes which 
connect the centres of the faces, form three oblique intersections. 



* Rhombic System and Anisometric System of Naumann; Prismatic of Mohs; Tri- 
metric of Hausmann. 

t Monoclinohedral of Naumann; Hemi-primatic of Mohs; Hemi-rhombic of 
Breithaupt. 

t Diclinohedral of Naumann. 
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It, therefore, forms the class Triclinata, rgts, threefold , and xXivw, 
to incline* 

23. Rhombohedron and Hexagonal Prism , (figs. 107, 108, and 
114.) The vertical axis in the rhombohedron, connects the verti- 
cal solid angles. The lateral are three in number, and unite the 
centres of the opposite lateral edges. And since the lateral edges 
are symmetrically arranged about the vertical axis, they will inter- 
sect at equal angles ; and as, by their intersections, they therefore 
divide the plane, about the point of intersection, into six equal 
parts, the angles of intersection must be one-sixth of 360°, or 00°. 
These axes are also at right angles with the vertical. From the 
derivation of the hexagonal prism from the rhombohedron, we 
readily deduce that it contains a vertical axis, connecting the cen- 
tres of its bases, and three lateral axes uniting the centres of the 
opposite lateral edges or lateral faces, according as the hexagonal 
prism is formed on the lateral angles or edges of the rhombohedron. 
These axes also intersect at angles of 60°, and are at right angles 
with the vertical. These solids, containing similarly four axes, "are 
united in the class Tetraxona, derived from rsrpce, four, and agwv, 
axis, t 

24. The following is a brief recapitulation of the above classifi- 
cation. 



* Triclinolie dral of Naumann; Tetarto-prisnialic of Mohs; Telarto-rh<ymbic of 
Breithaupt. 

t Hexagonal System of Naumann; Rhombohedral of Mohs; Monotrimetric of 
Hausmann. 



Cube, 

Regular Octahedron, 
Rhombic Dodecahedron, 




Right Square Prism, 
Square Octahedron, 



\ Classis Dimetrica, or the 
) Dimetric System. 



Right Rectangular Prism, 
Right Rhombic Prism, 
Rectangular Octahedron, 
Rhombic Octahedron, 




Rhombohedron, 
Hexagonal Prism, 



'( Classis Tetraxona , or the 
\ Tetraxonal System. 



Right Rhomboidal Prism, 
Oblique Rhombic Prism, 




Oblique Rectangular Prism, 



Classis Diclinata , or the 
Diclinate System. 



Oblique Rhomboidal Prism, 



Classis Triclinata , or the 
Triclinate System. 
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The primary forms in the monometric system, are solids of un- 
varying relative dimensions. The forms included in the other 
classes vary in one or more of their dimensions ; the right square 
prism, in its height as compared with the breadth, the rectangular, 
rhombic, and rhomboidal prisms, in each of their dimensions. 

CLEAVAGE OF PRIMARY FORMS. 

25. It is a fact of common observation, that the mineral called 
mica, (sometimes, improperly, isinglass,) is easily split into thin 
transparent plates or sheets. This is often effected with but little 
more difficulty than attends the separation of the leaves of a book, 
and immediately suggests the idea, that, like a book, this mineral 
may be composed of a great number of closely applied leaves. This 
property of mica depends on its crystallization, and the process of 
separation is termed cleavage. Galena is another instance of a mine- 
ral capable of easy cleavage. It differs from mica, however, in 
having three cleavage directions at right angles with one another. 
This mineral, therefore, instead of splitting into thin plates, breaks 
into small cubes. Calcareous spar also admits of easy cleavage, 
but yields rhombohedrons. These directions, in which a crystal 
cleaves, are termed its natural joints , and the slices obtained are 
called lamince. 

26. The facility with which cleavage may be obtained, is very 
unequal in different minerals. In some instances, as in the first 
above cited, the laminae are separable by the fingers. In others, a 
slight blow of the hammer is sufficient ; others require the applica- 
tion of a sharp-cutting instrument, and often some considerable skill 
in its use. When all other means fail, it may sometimes be effected 
by heating the mineral and plunging it, when hot, into cold water. 
Attempts of this kind are sometimes effectual with quartz. In many 
instances, cleavage cannot be effected by any means, owing to the 
strong cohesion betweeen the laminae. In these cases, however, 
the direction of cleavage is sometimes determined by the lines on 
the surface. Observation of these lines is often of importance when 
cleavage is not difficult, in order to determine its direction, pre- 
vious to applying the knife. 

When cleavage is easily obtained, it is said to be eminent. 

27. The general laws, with respect to cleavage, are as follow : 

1. When cleavage is attainable, it is parallel to some or all of the 
faces of a primary form. 

2. Cleavage is obtained with equal ease or difficulty, parallel to 
similar primary faces, and with very unequal ease or difficulty, 
parallel to dissimilar primary faces. 

3. Cleavage, parallel to similar planes, produces planes of similar 
lustre and appearance, and the converse. 

According to the first law, if a cube is cleavable, cleavage will 
either take place parallel to the faces of the same, in which case 
the primary form is a cube ; or it may be effected on the angles, 
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when the primary is an octahedron, or on the edges, when it will 
produce a dodecahedron. Cubes of fluor spar may be very readily 
reduced to the primary octahedron by cleavage. This is a very 
convenient material for the exercise of the student, who needs but 
his knife to succeed in effecting the cleavage. 

According to the second law, cleavage can always be obtained 
with equal ease parallel to all the faces of a cube, octahedron, or 
dodecahedron ; and also the rhombohedron, which is a solid con- 
tained under equal planes. 

The right square prism, right rhombic prism, and oblique rhom- 
bic prism, may be cleaved with equal ease or difficulty, parallel to 
their lateral planes, since these are similar. Often, however, no 
cleavage can be effected in these prisms, except parallel to the bases, 
and, in many instances, not even in this direction. The right rec- 
tangular, right rhomboidal, and oblique rhomboidal prisms, have 
unequal cleavages in the three directions ; and according to the 
third law, the cleavage in the three directions will produce laces of 
unlike lustre and general appearance. This is exemplified in gyp- 
sum ; in one direction, it is cleavable with great facility into thin 
laminae of perfect transparency, and highly polished surfaces ; in 
a second direction, the crystalline laminae first bend and then break, 
exhibiting a surface which is not smooth, nor possessed of much 
lustre : in the third direction, it is brittle, and breaks immediately 
on attempting to bend it, affording a surface smoother than the se- 
cond, but not polished. In thick masses, the second and third 
cleavages are scarcely attainable. Two of these cleavages incline 
at an oblique angle, but are at right angles with the third ; the 
primary form is, therefore, a right rhomboidal prism. 

b. Some instances occur of apparent exceptions to the first law. 
They are mostly confined to the right rhombic and right rectangu- 
lar prisms. The rhombic prism, in addition to a cleavage parallel 
to its lateral planes, may have one parallel to its lateral edges or a 
diagonal of the base, or what is equivalent, parallel also to the face 
of a secondary right rectangular prism, this prism being formed by 
a truncation of the edges of the rhombic prism, (§ 10.) These, 
however, are not real exceptions, as cleavage is still parallel to a 
face of a primary solid. 



CHAPTER II. 

SECONDARY FORMS. 

LAWS FOR THE OCCURRENCE OF SECONDARY PLANES. 

28. The number of secondary forms which the seven classes of 
primary forms are capable of affording, is exceedingly large ; at 
least many millions, supposing them to be of invariable dimensions. 

3 
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But as most of these primaries may vary their dimensions infinitely, 
the possible number of varieties of form is infinite. The actually 
occurring forms of a single mineral, calcareous spar, have been 
found to be nearly a thousand. 

These planes do not occur indiscriminately on a crystal, without 
regard to time or place, but are governed by the following simple law : 

All the similar parts of a crystal are similarly and simulta- 
neously modified ; or, by the subordinate law, 

Half the similar parts of a, crystal may be similarly modified 
independently of the other half. 

The operation of the second, or subordinate law, produces hemi- 
hedral forms of crystals, or forms with half the number of second- 
ary planes that perfect regularity would require. The forms result- 
ing from the first law, are termed holohedral forms, from 6 Xoc, all. 
and k§pa, face. 

29. Class 1. Monometrica. According to the first law, if a single 
edge of a cube, octahedron, or dodecahedron, be truncated, all will 
be simultaneously truncated, for all are similar, (§ 8, a; fig. 5, PL I.) 
If an edge of the same be replaced by a plane inclined unequally, 
on two adjacent faces, to retain the symmetry and apply the above 
law, a second plane must occur on this edge, similar to the first, as 
is represented in fig. 10. This becomes evident, when we consider 
that these planes occupy similar parts of the crystal, and agreeably 
to the above law, all similar parts must be simultaneously modified. 
This is termed, as stated in the note to § 8, a bevelment. It also 
follows, that all the edges of these solids will be similarly beveled. 

Again, the truncation of one angle of a cube is necessarily ac- 
companied by the truncation of all, (fig. 2.) If a plane, situated 
as a', in fig. 14, occur on an angle of this solid, three similar planes 
may, and therefore must, occur on the same angle, one inclining 
on each face. In addition, similar planes will occur on all the an- 
gles. So, in the octahedron, we find four planes, (a 7 , fig. 17,) on 
each angle, one inclined on each face. 

If an intermediary plane, (fig. 24,) is situated on the angle of a 
cube, it will be accompanied by five others, or there will be six in 
all, and forty-eight in the whole solid, (fig. 24.) The possibility of 
the occurrence of six similar planes, is sufficient to require their 
occurrence, since the number of similar parts about the angle is 
therefore six. It should be observed, that two of these six planes 
may be said to belong to each edge. Thus, two to the edge P : V', 
two to the edge P' : P", and that they correspond to bevelments of 
the same edges. This correspondence may be seen by comparing 
figs. 24 and 10. 

For the same reason, there will be eight intermediary planes on 
each angle of the octahedron, two for each of the edges. It is mani- 
fest, that if one of these intermediary planes should be dropped, the 
symmetry of the crystal would be destroyed. 

The angles of the dodecahedron being of two kinds, (§ 8, c.) 
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they will be independently modified. The modifications are the 
same as in the cube and octahedron, (figs. 6, 8, 13, 18, 27, PI. I.) 

b. The exceptions arising from the second law, are not of unfre- 
quent occurrence. They are as follows : 

1. Half the similar angles, or edges, may be modified independ- 
ently of the other half. 

2. All the similar angles, or edges, may be modified but by half 
the regular number of planes. 

Figs. 28, 33, are examples of the first kind of hemihedrism , in 
which half the angles of the cube are modified, while the remain- 
ing half are unmodified. 

Fig. 42 is an instance of the second kind. All the edges are 
similarly replaced, but by one of the two beveling planes repre- 
sented in fig. 10. The plane e / is enlarged in fig. 43. From this 
last figure, it will be observed, that the suppressed planes are those 
which were alternate, and that two planes, e 7 , incline on each face, 
P. The symmetry of each crystal is not, therefore, destroyed. 

Another instance may be observed in fig. 48, in which eacli 
angle of the cube is replaced by three out of the six intermediaries 
in fig. 24 ; that is, by one half of the number of planes which per- 
fect regularity would require. 

The first species of hemihedrism gives rise to solids, whose oppo- 
site planes are not parallel ; a face of a tetrahedron, for example, 
has no opposite parallel face. The same is true of all solids result- 
ing from this kind of replacement, and arises from the fact, that 
opposite parts of the crystal, producing these forms, as, for instance, 
the diagonally opposite angles in figs. 28 and 33, are not similarly 
modified. This species of hemihedral crystal, has been called the 
inclined hemihedron , for the above reason, that its opposite planes 
are not parallel, but inclined to one another. 

On the contrary, according to the second species of hemihedrism, 
the opposite parts of a crystal are similarly replaced, and, conse- 
quently, the hemihedrons proceeding from tins replacement have 
their opposite faces parallel. Such is the case in figs. 43 and 48. 
These solids have been termed parallel hemihedrons. 

Both of these species of hemihedrons are never presented by the 
same mineral. The former is observed in boracite, the latter in 
iron pyrites, and many other species. It is also important to ob- 
serve, that minerals, whose crystals are hemihedrally modified, are 
invariably thus modified, if the secondary planes occur, in which 
the hemihedrism may take place. We may illustrate this statement 
by a reference, first, to the species iron pyrites, whose modifica- 
tions follow the second of the above laws. The cubes of this spe- 
cies never occur with beveled edges, but, (whenever modified,) are 
invariably replaced by one or two planes unequally inclined on the 
adjacent faces. Again, the angles are never replaced by six inter- 
mediaries, but by three alternate, as in fig. 48, o. In boracite we 
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observe, that invariably only one half the angles are similarly re- 
placed, and that the modified angles present all the planes required 
by the regular law for secondary planes. The edges of the cube are 
not affected by this species of liemihedrism, as it only influences 
the replacements of the angles. 

30. Class 2. Dimetrica. The modifications of the basal and late- 
ral edges of the square prism, are independent of one another, owing 
to their dissimilarity, (§ 9.) The lateral edges are included by 
equal planes, and, therefore, are universally either truncated or 
beveled, (figs. 61, 62.) The basal edges, being the intersections of 
unequal planes, are never truncated or beveled, but are simultane- 
ously replaced, because of their similarity. A plane on these 
edges, therefore, inclines unequally on the adjacent faces, (fig. 53.) 

For the same reason, the angles cannot be truncated. A plane 
on an angle inclines, however, equally on the two lateral planes 
M, M, in consequence of their equality, (fig. 51.) 

The similar intermediary planes can be but two in number. The 
two which incline on the base, are unlike those inclining on the 
lateral planes, on account of the dissimilarity between the base and 
a lateral plane. These intermediary planes are represented in 
fig. 58. 

It is unnecessary to state the corresponding particulars relative 
to the octahedron, since they are easily deduced from its relation to 
the prism, and, moreover, are determined without difficulty from 
the nature of the solid itself. 

31. Class 3. Trimetrica. The edges of the right rectangular 
prism are of three kinds, and those of each kind are, according to 
the above law, independently modified, (figs. 70, 77, 78, 79.) More- 
over, none of them can be truncated or beveled, in consequence of 
the inequality of their including planes. 

Planes on the angles incline unequally on the three adjacent 
unequal planes. The angles are similar, and, therefore, will be 
modified in connection, (fig. 74.) 

This prism can have but one intermediary on each angle. This 
follows from the inequality of the three edges that meet at each 
angle. 

The lateral edges of the right rhombic prism admit of truncation 
and bevelment, because of the equality of the lateral planes. The 
obtuse are, however, modified independently of the acute, (fig. 84.) 
The obtuse solid angles, and the acute, are also independent in 
their modifications. Each may have two intermediary planes, (fig. 
85.) The replacements of the basal edges are similar and simul- 
taneous, (fig. 80.) 

32. Class 4. Monoclinata. In the oblique rhombic prism, 
only the opposite of the lateral edges are similarly replaced ; they 
may be truncated or beveled, (fig. 100.) The front superior ba- 
sal edges are unlike the front inferior , or the superior behind , 
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(§ 11,) and are therefore modified independently of the latter, 

(fig- 101.) 

The four lateral solid angles are composed of the same number 
of plane angles which are equal, each to each, and belong to planes 
which are respectively equal. Their modifications are, conse- 
quently, similar, (fig. 98.) The front angles are dissimilar, and in- 
dependent in their modifications, (figs. 96, 97.) 

The right rhomboidal prism, unlike the right rhombic, cannot 
have its lateral edges truncated or beveled. Its basal edges and 
angles are also dissimilarly modified. Placed on a rectangular 
face for its base, as in fig. 88, we may apply to it the same remark 
as above. The front superior basal edge and angles, being unlike 
the front inferior or superior behind , (§ 11,) they are modified in- 
dependently of the latter. This is the most simple method of view- 
ing this solid. 

33. Class 5. Triclinata. Hereafter, the class Diclinata, will not 
be treated of, except in connection with the class Triclinata, both 
on account of the rarity of its occurrence, and the similarity of 
the oblique rectangular to the oblique rhomboidal prism. 

In the oblique rhomboidal prism, there can be neither trunca- 
tions nor bevelments. Only diagonally opposite parts are simi- 
larly modified, and, consequently, similar adjacent or approximate 
planes cannot exist. (By approximate planes are understood those, 
not opposite, which are separated by one or more planes.) The 
front superior basal edges are unlike in their modifications, and also 
unlike those of the front inferior basal. The same is the fact with 
the angles, (figs. 104, 105, 106.) The only similar plane to a, in 
the solid, (fig. 104,) is its diagonally opposite a. Such is univer- 
sally the case in this solid. 

34. Class 6. Tetraxona. The vertical solid angles of the rhom- 
bohedron are formed by the meeting of three equal planes, and 
equal plane angles. These angles may, therefore, be truncated, 
(fig. 113,) or replaced by three or six similar planes. The edges 
may be either truncated or beveled , for a similar reason. The ter- 
minal edges, however, are replaced independently of the lateral, 
(figs. 109, 115, 117, 119.) 

The lateral angles, six in number, are replaced at the same time, 
(figs. Ill, 121.) Two intermediary planes may occur on each, 
(fig. 1X8.) 

The similar parts in the rhombohedron and hexagonal prism, 
being three, or some multiple of three, (excepting the vertical solid 
angles,) the similar secondary plane are also three, or some mul- 
tiple of three. 

35. Notwithstanding the regularity in the secondary forms of 
crystals, resulting from the preceding laws for the occurrence of 
secondary planes, Crystallography would scarcely be entitled to its 
rank as a science, were it not for the existence of a second law. It 
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is this second law which gives to Crystallography a mathematical 
basis. It is as follows : — 

2. The ratio of the edges removed- by secondary planes is a 
simple ratio. 

In removing the edge A, to produce the plane 
e, parts of the edges B and C are also removed. 
If then B and C are equal, as in the cube, the 
parts of B and C removed will, according to the 
above law, either be equal, (the edge is then trun- 
cated,) or there will be twice as much of one re- 
moved as of the other, or three times as much ; 
that is, the ratio of the parts will be either 1:1, 
1:2, 1:3, and also, sometimes, 1 : 4, 2 : 3, 3 : 4. Other ratios some- 
times occur, but are uncommon. If B and C are unequal, the ratios 
will be the same, excepting, that the parts of B and C removed, will 
be proportional to the lengths of their edges ; that is, the ratios will 
be 1 B : 1 C, or 1 B : 2 C, or 1 B : 3 C, or it may be, 2 B : 1 C, or 
3 B : 1 C, also, 2 B : 3 C, or 3 B : 2 C. The last expression signi- 
fies a ratio of three times the length of B to twice the length of C ; 
or, if the edge B be divided into a certain number of equal parts, 
and C into the same number, the plane, whose ratio is 3 B : 2 C, 
cuts off three parts of B, and two of those of C. The figures are 
used in the same manner in the preceding expressions. 

A plane on an angle, (A, B, C, again being equal,) may either 
cut off A, B, C, in the ratio of 1:1:1, that is, equal parts from 
each, or in the ratio of 1:1:2, the figures referring to the letters 
in the order just given ; or, again, as 1 : 1 : 3, 1 : 1 : £, 1 : 1 : or 

1:1:^, in which the part cut from C is only one fourth that cut 
from either A or B. So also, there may occur the ratios 1:1: §, 
1 : 1 : f . Others are of occasional occurrence. If A, B, and C, 
are unequal, the first ratio above, that is, the ratio of equality, be- 
comes 1 A : 1 B : 1 C ; and the others, 1 A : 1 B : 2 C, 1 A : 1 B : 3 C, 
1 A : 1 B : £ C, 1 A : 1 B : £ C, 1 A : 1 B : £ C, &c. &c. Planes on 
angles have an equal ratio of A and B, as is observed in the above 
examples. 

Intermediary planes cut off unequal parts of the three edges, A, 
B, C. Some of the occuring ratios are 4:2:1, 6:3:2, that is, if 
these edges are divided into "the same number of equal parts, the 
plane, whose ratio is 4 : 2 : 1, is formed by removing 4 of the parts 
on the edge A, 2 on the edge B, and 1 on C. 

36. It has been stated, that on these principles depends the appli- 
cation of mathematics to this science. 

A few remarks on this subject may be of interest to the student, 
who is acquainted with the principles of trigonometry. This sub- 
ject is treated of in full, in the Appendix, A. 

Let BE and BF, in the following figure, represent the two edges 
B and C, in the figure on the preceding page, and AC and AD. 
the intersections of the planes on the edge A with the face M. 
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E If AC makes equal angles with EB and BF, 
the angles BAC=BCA, and therefore, (Euc. 5. I.) 
BA=BC. We might, therefore, conclude that 
the crystal is one in which the edge BE=BF, 
for only such can have truncating planes. 

Or if we knew that BA=BC, we might infer 
the angle EAC, it being the supplement of BAG, 
which equals 45°. 

Suppose again EAC to be unequal to FCA. 
Subtracting the angle EAC from 180°, we obtain 
BAC. As we are acquainted with the angles of 
the triangle BAC, since ACB is the complement 
of BAC, and ABC a right angle, we may, by the principles of right 
angled trigonometry, obtain the ratio of BA and BC. The propor- 
tion would be, making BA=1, R : BA=1 : : tan. BAC : BC. From 
the result obtained, we infer the ratio of the edges BE and BF, or 
the relative height and breadth of a rectangular prism. 

Conversely, if the relative lengths of BA and AC, or BE and 
BF, are given, we may determine the angle BAC, and, consequent- 
ly, its supplement EAC. 

It may be stated, that it is uncertain whether the plane AC pro- 
ceeds from a ratio of equality in the parts of the edges removed. 
This is to be presumed, or doubted, from the nature of the plane, 
the frequency of its occurrence, (fee. ; and if not, the value obtained 
is a multiple, or a sub-multiple of the true length of the crystal. 

If the dimensions of a primary are known, we may proceed in 
the above manner, and calculate its interfacial angles. If we sup- 
pose the plane DA to have the ratio 2 C : B, or to cut off 2 parts of 
the edge C to 1 of B, the angle BAC will be determined by the 
proportion, B : R : : 2 C : tan. BAD, which again is the supplement 
of EAD. The angle FDA is determined by subtracting EAD from 
270°. This will give an imperfect idea of the use of mathematics, 
and the manner of its application in Crystallography. For a fur- 
ther elucidation of this interesting subject, reference may be made 
to the Appendix. 

DERIVATION OF SECONDARY FORMS FROM THE PRIMARIES. 

37. In the remarks on the relations of the primary solids, some 
of the secondary forms have already been pointed out. Thus, the 
octahedron has been shown to be derivable from the cube, by the 
truncation of its solid angles, and conversely, the latter from the 
former, by a truncation of the angles of the octahedron. In a sim- 
ilar manner, the dodecahedron has been shown to proceed from the 
cube, from a truncation of the edges of the latter, (fee. (fee. (See 
§§ 17—23.) 

W e propose to continue this subject, as a perfect acquaintance 
with the derivative forms is of the utmost importance to the mine- 
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ralogist. We again treat of the several forms, according to the 
classes to which they belong. 

Class 1 . Monometrica. 

For the sake of perspicuity of arrangement, the holohedral and 
hemihedral forms will be separately considered. 

38. Holohedral Forms.- 

a. Tetrahexahedron. A bevelment of the edges of a cube is rep- 
resented in fig. 10, and the result of a continuation of the process 
in fig. 11. This form is bounded by twenty-four triangular faces, 
two planes being formed on each of the twelve edges of the cube. 
It may be considered a cube, with a low four sided pyramid on 
each face. The above name expresses its general resemblance to 
the cube or hexahedron, at the same time that it conveys an idea 
of the number of its faces. It is derived from rsrgaxis, four times, 
s|, six, and kSpa,face ; the 4x6 faced solid. 

The planes e' in fig. 12, which are observed to replace the solid 
angles of the octahedron inclining at the same time on its edges, if 
extended to the obliteration of the primary faces, produce the same 
form as above, (fig. 11.) 

The replacement of the six acute solid angles of the dodecahe- 
dron by four planes resting on the primaries, (fig. 13,) if continued, 
results in the same solid. 

By varying the angle of the bevelment of the cube, tetrahexahe- 
drons of different angles may be produced. Those of most com- 
mon occurrence have the following angles : 

Interfacial Angles. 

A C* 





133° 48' 47" 


157° 22' 4 " 




I 


143° 7' 48" 


143° 7' 48" occurs in 


garnet. 


> 


154° 9' 29" 


126° 52' 12" “ 


fiuor spar 




= 50° 14' 16" 


Plane Angles. 




1 . 


79° 31' 28" 




2. 


48° 11' 23" 


83° 37' 14" occurs in 


garnet. 


3. 


46° 30' 30£" 


86° 58' 59" “ 


fiuor spar. 



b. Trisoctahedrons. The angles of the cube are represented as 
replaced by three planes in figs. 14 and 19 ; in one, they incline on 
the primary faces, in the other, on the edges of the cube. The com- 
pleted forms obtained by these replacements, are seen in figs. 16 
and 20. Fig. 15 is an intermediate form between 14 and 16. The 
resulting solids, though considerably unlike, have a general resem- 
blance to octahedrons, with a three sided pyramid substituted for 
each octahedral face. Like the octahedron, they are formed on the 



* The letters designating the angles refer to the figure, PL I. C is, however, sub- 
stituted for 2 C. The same is the case in the following forms. According to the system 
of notation explained in the Appendix, these solids are designated, ooO 5. ; ooO 2 ; oo03. 



SECONDARY FORMS. 



25 



angles of the cube by a replacement by three planes instead of one, 
which accounts for their general resemblance to this solid. The 
name. Trisoctahedron, is derived from rps, three times , ox™, eight , 
and fSpa, face , 3x8 faced solid. The faces of one of these solids 
are four sided, or tetragonal , those of the other, three sided, or 
trigonal ; they are, therefore, distinguished by the names tetrago- 
nal trisoctahedron , and trigonal trisoctahedron. The more com- 
mon name of the former is trapezohedron. 

The tetragonal may be derived from the octahedron, by replacing 
its angles by four planes inclining on its faces, (fig. 17.) 

The same may be obtained from a dodecahedron, by a truncation 
of its twenty-four edges, (fig. 18.) 

The trigonal proceeds from the octahedron, by beveling its 
twelve edges — (compare figs. 21 and 20,) and from the dodecahe- 
dron, by a replacement of its six acute solid angles by four planes 
inclining on the edges. 

The tetragonal trisoctahedron, or trapezohedron of most common 
occurrence, has the following angles : 

B=131° 48' 37", C=146° 26' 34". Fig. 16. 

«=82° 15' 3", 6=117° 2' 8", c=78° 27' 46". Ex. leucite and garnet. 

The trigonal trisoctahedron occurring in nature, has the fol- 
lowing angles : 

A=152° 44' 2", 13=141° 3' 27", 6=118° 4' 10", c=30° 5 7' 55".* 
Fig. 20. It is a form of fluor spar and galena. 

c. Hexoctahedron. Fig. 24 represents a cube, with six planes 
on each angle, and, consequently, forty-eight in all. The resulting 
solid is completed in fig. 25. Here, for each face of the octahe- 
dron, is substituted a low six sided pyramid. The name of this 
solid is derived from the Greek, igaxi s, six times , ox™, eight, and 
sSpa, face, 6x8 faced solid. 

A replacement of the angles of the octahedron by eigfht planes 
produces a similar solid, (fig. 26.) A bevelment of the twenty-four 
edges of the dodecahedron, (fig. 27,) also necessarily produces a 
forty-eight faced solid. Others, differing in their angles, may re- 
sult from a replacement of the six acute solid angles "of the dode- 
cahedron, by eight planes, or the eight obtuse by six planes. 

The occurring varieties have the following interfacial and plane 
angles : 

1. A=1.58° 12' 48", B=148° 59' 50", C=158° 12' 48", occ. in garnet 

2. 162° 14' 50", 154° 47' 28", 144° 2' 58", « fluorspar 

1. a= 86° 56' 25", 6= 56° 15' 4", c= 36°4S'31". 

2. 85° 50' 23", 54° 21' 34", 39° 48' 3".t 



* The crystallographic expressions for these trisoctahedrons are, for the tetragonal 
2 0 2, for the trigonal, 2 0. ’ 

t These solids are described by means of the crystallographic signs, explained in 
Appendix A, as follows ; 3 O 4 0 2." 

4 
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39. Hemihedral forms. 

а. Hemi- Octahedron, or Tetrahedron. If half the angles of 
the cube are replaced by a single plane, as in fig. 28, the resulting 
form is a tetrahedron, or hemi-octahedron, (figs. 29, 30.) The same 
may arise from an octahedron, by an extension of one half of its 
faces, to the obliteration of the other half. This process is repre- 
sented as partially completed in fig. 32. 

Its plane angles are 60°, and its interfacial angles 70° 31/ 44". 

б. Hemi- Tr is octahedrons. Fig. 33 represents a cube, with its 
alternate angles replaced by three planes. The planes in this figure 
occurring on all the angles, give rise to the tetragonal trisoctahe- 
dron, (fig. 16.) Occurring on but half, they produce the solid in 
fig. 34. 

The secondary planes in fig. 19, occurring on but half the angles, 
and enlarged, form the solid in fig. 40, which is a hemihedral form 
of the trigonal trisoctahedron. Its faces are tetragonal , and, there- 
fore, if a name is desirable, it may be termed the tetragonal hemi- 
trisoctahedron. 

The former has trigonal faces, and is, therefore, the trigonal 
hemi-trisoctahedron. 

A trigonal hemi-trisoctahedron of gray copper ore has the follow- 
ing angles : 

B=109° 28' 16", C=146° 26' 33". 

a= 31° 2S / 56", 6=117° 2' 8".* 

c. Hemi- Hex octahedrons. A solid of this kind is represented in 
fig. 41. It is formed by a replacement of half the angles of the 
cube, by six planes, similar to fig. 24. 

If all the solid angles of the cube be replaced by three alternate 
planes, of six intermediaries, (§ 48,) a hemihedral solid is formed, 
which is represented in fig. 49. It differs from the above, in heav- 
ing parallel opposite faces, and is, therefore, a 'parallel hemi-hexoc- 
tahedron. 

A variety of inclined hemi-hexoctahedron, having the following- 
angles, has been observed in boracite : 

A=162° 14 / 50", B=124° 51', C=144° 2' 58". t 

a— 40° 19' 7", 6= 54° 2V 34", c= 85° 19' 19". 

d. Hemi-Tetrahexahedron , or Pentagonal Dodecahedron. A 
cube is represented in fig. 42, with but one of the two beveling- 
planes on each edge, given in fig. 10. The same enlarged, is ob- 
served in fig. 43. Fig. 44 represents the completed solid. The 
second of the above names, is most commonly applied to this solid ; 



* Its crystallographic symbol, agreeably to the notation adopted in Appendix A, 



+ The expression, descriptive of this solid, is — — 

Z 
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the first is more systematic, the solid being, in fact, a hemihedral 
form of the tetrahexahedron. 

Figs. 45, 46, exhibit the planes on the octahedron, which, ex- 
tended, give rise to this solid, (figs. 47, 44.) 

The occurring forms of this kind, both of which have been ob- 
served in iron pyrites, have the following angles : 



1. A=112° 37' 12", C=117° 29' 11". 

a=102° 35 / 40", > 5=108° 24' 30", c=110° 17' 40". 

2. A=126° 52 / 12", C=113° 34' 41" 

fi=121° 35' 18", 5=106° 36 7 2", c=102° 36' 19".* 



40. Holohedral Forms. 

The derivation of an octahedron from the right square prism, by 
a replacement of its solid angles by a single plane each, has already 
been explained. By different inclinations of this plane, different 
octahedrons may be obtained. 

The basal edges of this solid are also eight in number, and simi- 
lar, and, consequently, by their replacement at different angles, may 
give rise to another series of octahedrons, (figs. 53, 54.) 

Two intermediate planes on each angle (fig. 58) of the prism, 
produce, if extended, a double eight sided pyramid, (fig. 59.) A 
square prism diagonal, with the primary, may be obtained by trun- 
cating its lateral edges, (fig. 61,) and an eight sided prism by be- 
veling the same, (fig. 62.) 

41. Hemihedral Forms. 

A few hemihedral forms, appertaining to this class, are repre- 
sented in figs. 63, 66, 67. The first is an irregular tetrahedron, and 
is formed in a similar manner with the monometric tetrahedron. 
The second is the commencement of the solid represented in fig. 67. 



42. A replacement of the lateral edges of the right rectangular 
prism, has been stated to give rise to a rhombic prism. If the edges 
e, (fig. 69,) are replaced, as in fig. 78, or the edges e, as in fig. 77, 
prisms will also be formed, which, from their horizontal position, 
are called horizontal prisms , (fig. 79.) The formation of octa- 
hedrons has been explained, (§ 10.) 



43. The derivation of two six sided prisms from the rhombohe- 
dron, has been fully explained in § 14 ; the one by a truncation of 
the six lateral edges, (figs. 109, 110;) the other, by a replacement 



Class Dimetrica. 



Class Trimetrica. 



Class Tetraxona. 



* The signs of these solids are, 
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of the six lateral angles, (figs. Ill, 112,) by planes parallel to the 
vertical axis. 

The remaining parts of the primary faces on the first of the above 
prisms, are rhombic, (fig. 110 ;) those on the second, are pentagonal, 
(fig. 112.) This is an important distinction. 

In fig. 115, the lateral edges of the rhomhohedron are beveled; 
a greater extension of these secondary planes produces the solid 
represented in fig. 116, which is called the scalene dodecahedron , 
its faces being scalene triangles, and its faces twelve in number. 

A bevelmentof the terminal edges (fig. 117) continued, gives rise 
to a similar solid. A replacement of the lateral angles, by two in- 
termediary planes, (fig. 118,) may produce other solids of the same 
kind. 

A truncation of the terminal edges of the rhombohedron, is ob- 
served in fig. 119. Since these edges are six in number, three at 
one end of the crystal, alternating with three at the other, the solid, 
formed by the extension of these planes, must be an oblique solid, 
contained under six equal faces, or, in a single word, a rhombohe- 
dron. This solid is represented in fig. 120. It is much more 
obtuse than the primary. Because, also, the lateral angles are six, 
and three alternate are nearer the lower extremity of the axis, and 
the remaining three nearer the upper extremity, the planes on these 
angles, if not parallel to the vertical axis, incline alternately above 
and below, (fig. 121 ;) and, therefore, by their extension, will give 
rise to rhombohedrons, (fig. 122.) These rhombohedrons will dif- 
fer in the lengths of their vertical axes, as these planes vary their 
inclination. Their nearer approach to parallelism to the vertical 
axis, produces rhombohedrons of longer axes ; and the six sided 
prism, formed on these angles, may be considered a rhombohedron, 
with an infinite axis. 

An isosceles dodecahedron, (fig. 124,) so called, because its faces 
are isosceles triangles, may be obtained from the rhombohedron, by 
a replacement of the lateral angles, provided this replacement is 
continued to the obliteration of the primary faces, and (fig. 123) is 
of such a kind that the remaining primary faces (fig. 124) just equal 
the secondaries produced by the replacement. In fig. 124, the 
alternate faces R, R, are primary, and the remainder secondary. 
Such is the origin of the pyramidal termination of crystals of 
quartz. This solid may also be formed by replacing the basal 
edges or angles of the hexahedral prism, (e, fig. 125.) 

Two intermediary planes on each angle of the hexagonal prism, 
produce, by their extension, a twenty-four sided figure, formed of 
two twelve sided pyramids placed base to base. 

This solid is represented in fig. 126. 

Hemihedral forms often occur in the class Tetraxona, but usually 
in connexion with holohedral. Under tourmaline, is represented a 
six sided prism of this mineral, differently terminated at its two ex- 
tremities. The secondary faces a', a', at the upper extremity, re- 
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place the lateral angles ; the secondary faces, e, e, c, at the lower, 
truncate the terminal edges ; the three planes a, a, which truncate 
the alternate edges of the six sided prism, replace the alternate 
lateral angles. 

The six lateral planes which compose the hexagonal prism, are 
formed on the six lateral edges, (not on the angles.) We arrive at 
this conclusion, by observing, that the faces P, if a' was removed, 
would be rhombic , and not pentagonal , as remarked in the com- 
mencement of this section.* 

On the Lettering of Figures of Crystals. 

44. Some difficulty is occasionally experienced by the young 
mineralogist in reading the figures of crystals, or, in other words, in 
determining the particular situation of each secondary plane. This 
obstacle can be wholly surmounted only by frequent comparisons 
of figures with the solids they represent. It, however, may be par- 
tially removed, and this comparison facilitated, by a simple system 
of notation, according to which, the lettering of the planes shall de- 
signate the edge or angle on which they are situated. In order that 
a system for this purpose should conveniently subserve its intended 
purpose, its principles should be few and simple. Such, it is pre- 
sumed, will prove to be the character of the following. 

In applying the following principles, a few of the primary forms 
are supposed to have a certain position : 

The right rhombic prism must be placed with an obtuse lateral 
edge towards the observer; the right rhomboidal, (except for the let- 
tering of its primary planes,) on its rectangular base, as in fig. 88 ; 
the oblique rhombic and rhomboidal prisms, with the dominant 
solid angle in front ; it is immaterial whether at the inferior or su- 
perior base. Farther than this, no attention need be paid to the sit- 
uation of these solids. 



* An exhibition of the relations of the secondary forms, above described to their 
primaries, is beautifully accomplished by means of glass models. They’ may be 
made from common window or plate glass, by cutting the glass in the form of the 
faces of the solid to be made, and then uniting them by means of glue. The author 
has generally found it convenient to employ a small cord between two adjacent 
pieces of glass, as the adhesion between the glass and the cord, by means of glue is 
much stronger than between two pieces of glass. The forms thus far finished may 
be rendered much stronger, and, at the same time, the glue and cord concealed by 
covering the edges with very narrow strips of paper, cut for the purpose • colored 
glazed paper is preferable, on account of its less liability to be soiled. The prima- 
ries, when thus completed, may be placed within any secondary nearly constructed 
which afterwards can be closed up and its edges papered. We have thus an elegant 
exhibition of the relations which the secondary bears to its primary. In this way a 
primary may be inclosed within any of its secondaries. The plane angles of the 
laces in the monometric solids, are given in the preceding paragraphs. These may 
be laid oft on paper, and the form of the desired face obtained; by then placing the 
plate ol glass over the figure, the faces may be cut with a diamond and a rule with- 
out difficulty. Good glue is necessary to produce the cohesion of the glass’; gum 
arabic suffices for attaching the slips of paper to the edges. 8 8 
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The primary planes of the prisms, if alike, as in the cube, are 
lettered P ; if unlike, P is retained for the basal, and M employed 
for the lateral planes ; and, finally, if the lateral are unlike, the 
larger lateral is lettered M, the smaller T, except in the right rec- 
tangular prism, whose larger lateral plane is lettered m, and the 
smaller m, (see figs. 69, 87.) The primary faces of the rhombohe- 
dron will be lettered R : those of the octahedron A ; those of the 
rhombic dodecahedron E ; the reason for using these letters will be 
seen farther on. (See figs. 3, 4, 7, 107.) 

In genera], the letter e may be applied to planes on the edges, a 
to planes on the angles, and o to intermediaries. 

If the basal edges differ from the lateral, as in the prisms, the 
Roman e may be retained for the basal, and the Italic e for the 
lateral. 

If any of the edges are oblique, we may distinguish the obtuse 
by the mark -, the acute by the mark and thus may have e, e, 
for planes on the obtuse and acute basal edges in the oblique prisms, 
(fig. 91,) e, e, for planes on the obtuse and acute lateral edges. In 
the right rhomboidal prism, the front superior basal edge is obtuse 
e, the inferior acute e, while the lateral are rectangular, and are, 
therefore, lettered e simply. (See fig. 88.) 

In the oblique rhomboidal prism, there are two unlike obtuse 
basal' edges, and two unlike acute. We may letter planes on the 
edge to the right hand, e*, or e-, on that to the left, -e or -e. 

If the front' angles differ from the lateral, as in the rhombic and 
rhomboidal prisms, we may retain the Roman a for the front, and 
employ the Italic a for the lateral, (fig. 72.) 

If the front angles at the two bases differ, as in the oblique prism, 
the planes on the obtuse may be distinguished by a, those on the 
acute by a, (figs. 96, 97.) 

In the rhombohedron, the vertical solid angle may be lettered a, 
the lateral a ; the terminal edges e, the lateral e. 

All the monometric solids will be hereafter lettered, as if derived 
from the cube. In the other classes, the lettering will depend on 
the primary. 

The changes of the letter o for intermediaries, and the use of the 
marks — and ^ , will follow the same changes in the letter a. That 
is, intermediary planes about the angle a will be lettered 5, those 
about the angle a, o. 

The different planes on the same edge or angle, may be distin- 
guished by indices, as follows : a', a". a /// , a 4 , a 5 , <fcc. 

The main principles in this system of notation are : 

1. Lettering planes on edges, e, on angles, a, and intermedia- 
ries, o. 

2. Distinguishing planes on the basal edges from those on the 
lateral, by lettering the former with a Roman e, and the latter with 
an Italic e. 

3. Distinguishing planes on obtuse edges from those on acute, 
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by placing the mark — over the letter for the former, and w for the 
latter, as e, e, e, e. 

4. Distinguishing planes on the frontal angles from those on the 
lateral, by lettering the former with a Roman a, the latter with an 
Italic a. 

5. Distinguishing planes on obtuse frontal solid angles from those 
on acute, by the mark — over the letter for the former, and ^ for 
the latter. 



CHAPTER III. 

DETERMINATION OF PRIMARY FORMS. 

45. With a perfect understanding of the preceding sections, we 
are prepared to enter on the subject of the determination of the 
primary forms of minerals, by inspection of their crystals. This is 
one of the main objects of the study of crystallography. The first 
question which arises, on commencing the examination of a crys- 
tal, is, what is its primary ? To afford the means of overcoming 
the various difficulties in the answering of this question, this sub- 
ject will be fully discussed. 

46. These difficulties are of several kinds, but arise principally 
from the accidental variations of form to which crystals are subject 
— variations affecting the size of their faces, and sometimes the 
angles. For example : a mineral, whose primary is a cube, often 
occurs under the form of a right square or right rectangular prism ; 
a right square prism may appear to have the form of a cube, or a 
right rectangular prism ; a rhombohedron may appear to be an ob- 
lique rhombic or an oblique rhomboidal prism. So that, in fact, 
but little dependence can be placed on a mere observation of the 
apparent form. 

Another difficulty appears to follow from the great variety of se- 
condary planes, which often completely mask the primary. This 
however, will be found not to lie a difficulty ; on the contrary, the 
secondary planes will prove to be the surest index of the nucleus. 
But difficulties may proceed from the enlargement of some second- 
ary planes, and the consequent diminution of others of the same 
kind. Yery singular distortions of this kind occur. Under quartz 
p. 339, is a representation of a distorted crystal of that mineral. 

Difficulties also arise from the imperfection of crystals ; these 
however, will generally prove no obstacle to one well acquainted 
with the preceding principles, and the following remarks, which 
are deductions from these principles. 

46. The methods which may be employed in the determination 
of the primary of a mineral, are as follow : 



32 



CRYSTALLOGRAPHY. 



1. Measurement of angles. 

2. Inspection of the similarity or dissimilarity of lustre, hard- 
ness, &.C., of different faces. 

3. Cleavage. 

4. Examination of the situation of secondary planes. 

1. MEASUREMENT OF ANGLES. 

47. The measurement of the angles of crystals is effected by 
means of instruments called Goniometers. 




The simplest of these instruments, called the Common Goni- 
ometer, is above represented. It consists, 1. of a semicircular arc 
graduated to degrees, and, consequently, measuring 180° ; 2. two 
arms, one of which, ab , is stationary, or admits only of a sliding 
motion backward and forward, by means of the slits gh, ik. The 
other arm turns on o, the centre of the arc, as an axis ; there is also 
a slit, np , in this arm. By means of these slits, the parts of the 
arms below o, that is, ao, co, may be shortened, which is found ne- 
cessary for the measurement of small crystals. The faces, whose 
inclination is to be measured, are applied between the arms ao, co, 
which are opened till they just admit the crystal, and are seen to be 
closely applied on the surfaces of the same. This may be deter- 
mined by close examination, holding it at the same time up to the 
light, and observing that no light passes between the arm and the 
plane of the crystal. The number of degrees on the arc, between 
k and the left edge of d, (this edge being in the line of the centre 
o of the arc,) is the required angle. 

For the purpose of measuring crystals partially imbedded, the 
arc is usually jointed at f so that the part, of, may be folded back 
on the other quadrant. When the angle has been measured, the 
arms are to be secured in their place by the screw at o, and the arc 
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restored to its former position and there fastened by the bar, mo. 
The angle may now be read off. 

The arms sometimes admit of being separated from the arc, in 
order to obtain more conveniently the required angle. They may 
then be adjusted to the arc by a simple contrivance, which will be 
understood by the observer without explanation, and the angle read 
off as above. 

The results obtained with the common goniometer are seldom 
within a quarter of a degree of truth. It is, however, sufficiently 

accurate for the ordinary 
2 orizm\ observations of the mineral- 

ogist. When the crystal is 
destitute of lustre, it is in- 
dispensably necessary. But 
for highly polished crystals, 
we have an incomparably 
superior instrument in the 
Reflective Goniometer , of 
Wollaston. 

48. The reflective gonio- 
meter is represented in the 
adjoining figure. 

The principle on which 
this instrument is construc- 
ted may be understood, by 
reference to the following 
figure, which represents a 

crystal, whose angle, cibc , is required. 

The eye at P, looking into the 
face of the crystal, be, observes a 
reflected image of M, in the direct- 
ion of PN. The crystal may now 
be so changed in its position, that 
the same image is seen reflected 
by the next face, and in the same 
direction, PN. To effect this, the 
crystal must be turned around, un- 
til abc has the present direction of 
be. The angle dbc , measures, therefore, the number of degrees 
through which the crystal must be turned. But dbc , subtracted 
from 180°, equals the required angle of the crystal abc. The 
crystal is, therefore, passed in its revolution through a number of 
degrees, which, subtracted from 180, gives the required angle. 
This angle might be measured by attaching the crystal to a gradu- 
ating circle, which shall turn with the crystal. This is effected by 
the ingenious, and beatifully simple contrivance of Wollaston, to 
whom science is much indebted for rendering the above principle 
of optics, subservient to the purposes of the mineralogist. 

5 
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AB is the circle graduated to half degrees. By means of the 
vernier, v, minutes are measured. The wheel, m, is attached to 
the main axis, and moves the graduated circle together with the 
adjusted crystal. The wheel, n, is connected with an axis which 
passes through the main axis, (which is hollow for the purpose,) 
and moves merely the parts to which the crystal is attached, in or- 
der to assist in its adjustment. The contrivances for the adjust- 
ment of the crystal, are at p , q, r. To use the instrument, it must 
be placed on a small stand or a table, and so elevated, as to allow 
the observer to rest his elbows on the table. The whole, thus firmly 
arranged, is to be placed in front of a window, distant from the 
same from six to twelve feet, and with the axis of the instrument 
parallel to it. Preparatory to operation, a dark line must be drawn 
below the window near the floor, parallel to the bars of the window. 

The crystal is to be attached to the moveable plate, q, by a piece 
of wax, and so arranged, that the edge of intersection of the two 
planes forming the required angle, shall be in a line with the axis 
of the instrument. This is effected by varying its situation on the 
plate, q, or the situation of the plate itself, or by means of the adja- 
cent joints and wheel, r, s, p. 

When apparently adjusted, the eye must be brought close to the 
crystal, nearly in contact with it, and on looking into a face, part 
of the window will be seen reflected, one bar of which must be se- 
lected for the experiment. If the crystal is correctly adjusted, the 
selected bar will appear horizontal, and on turning the wheel n, 
till this bar as reflected, is observed to approach the dark line below 
seen in a direct view, it will be found to be parallel to this dark 
line, and ultimately to coincide with it. If there is not a perfect 
coincidence, the adjustment must be altered until this coincidence 
is obtained. Continue then the revolution of the wheel, n, till the 
same bar is seen by reflection in the next face, and if here there is 
also a coincidence of the reflected bar with the dark line seen di- 
rect, the adjustment is complete ; if not, alterations must be made, 
and the first face again tried. A few successive trials of the two 
faces, will enable one to obtain a perfect adjustment. 

When adjusted, 180° on the arc must be brought opposite 0, on 
the vernier. The coincidence of the bar and dark line is then to 
be obtained, by turning the wheel n. As soon as obtained, the 
wheel, m, should be turned until the same coincidence is observed, 
by means of the next face of the crystal. If a line on the graduated 
circle now corresponds with 0 on the vernier, the angle is imme- 
diately determined by the number of degrees marked by this line. 
If no line corresponds with 0, we must observe which line on the 
vernier coincides with one on the circle. If it is the 18th on the 
vernier, and the line on the circle next below 0 on the vernier 
marks 125°, the required angle is 121° 18' ; if this line marks 
125° 30', the required angle is 125° 48'. 

If the observer is near sighted, and incapable of seeing the dark 
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line at the above distance, a slate, or board of a similar form and 
size, may be secured on the table at that distance which best ac- 
commodates the eye, and its upper edge used for the bar of the 
window, and the lower, or a line drawn on the board parallel to 
the upper, for the dark line. 

When great accuracy is required, and the instrument is near the 
window, a cord extended across the window may be substituted for 
the bar. 

One of the most important advantages of this instrument, is its 
capability of measuring the angles of crystals too minute for the 
application of the common goniometer. Indeed, in general, the 
smaller the crystal the more accurate is the result obtained. Its 
faces are less frequently interrupted by blemishes, and are more 
perfectly uniform planes. 

49. In goniometrical measurements, a knowledge of the following 
simple principle in mathematics is of great importance. “ The sum 
of the three angles of a triangle equals 180°,” or, in more gene- 
ral terms, “ The sum of the angles of a polygon equals twice as 
many right angles as there are sides less two” If there are five 
sides, the figure contains 2x(5-2)=6 right angles or 540°. 

If, (see figure to § 36,) the angle CAE has been measured, the 
angle ACF may be determined according to the above principle, 
by subtracting CAE from 270°. For the two angles, BAC, BCA, 
since ABC is a right angle, equal 90° ; also BAC, CAE, BCA, 
ACF,- added together, equal 360°. Subtracting the two which 
equal 90°, it leaves the sum of EAC, FCA, equal to 270°, and, con- 
sequently, as above stated, if EAC is determined we may ascertain 
the value of the other by subtracting from 270°. 

Having then measured EAC, in every instance when practicable 
the angle FCA should also be measured. If the sum of the two 
angles thus obtained equals 270°, we may be quite confident of the 
correctness of the measurement ; but if not, the measurement 
should be repeated. 

If the angle EBF is oblique, the sum of the two angles, FCA 
and EAC, can be obtained, by subtracting the angle EBF from 
180°, which will give the value of the two other angles in the tri- 
angle, viz. BCA and BAC, and then subtracting the result thus ob- 
tained from 360°. This gives the sum of the two angles FCA, 
EAC. For example, if EBF=110°, 180 o -110 o =70°, and then 
360 o -70°=290°. If, therefore, we find by the goniometer that the 
two angles equal 290°, the coincidence between experiment and 
calculation is quite sure proof of accuracy. If there is not this 
coincidence, the measurements should be repeated. In this man- 
ner may errors be avoided in the measurements of crystals, which 
would otherwise obtain. 

In the determination of the primary of a mineral, the goniometer 
alone is sufficient only when the primary form is actually before 
the observer, and it is desired to determine whether the interfacial 
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angles of the prism are right or oblique ; also, if oblique, their 
obliquity. It performs, however, an important service in affording 
assistance in the employment of the other methods. 

2. SIMILARITY, OR DISSIMILARITY OP THE DIFFERENT FACES. 

50. This method is founded on the principle, that like crystalline 
faces are invariably similar in lustre and general appearance, and 
that unlike faces may be dissimilar in these characters. 

The faces may differ in their lustre merely, or may be marked 
by lines or parallel ridges, and consequent depressions. The latter 
are termed strias, and such a surface is said to be striated. 

If a right rectangular prism, (as of iron pyrites,) presents on ex- 
amination, similar lines or strias on the six faces, and also a simi- 
larity of lustre, we are led to infer, that the primary is a cube. If 
the similarity existed between the surfaces only, we would conclude 
it to be a right square prism. 

The difference of lustre of different faces is frequently but slight, 
and in general appearance they are often very closely similar. We 
are therefore compelled, in most instances, to employ other methods 
of arriving at the primary form. The dissimilarity in hardness 
may be of some importance ; but, in general, it is not sufficiently 
distinct to be determined. 



3. CLEAVAGE. 

51. This method depends on the observation of the form obtained 
by cleavage, in connexion with the constant principle, that cleavage 
takes place with equal ease parallel to similar faces, and to those 
only ; and that similar cleavages produce faces of similar lustre, 
(§ 26, 27.) Two cleavages are said to be similar, when obtained 
with equal difficulty, or are equally unattainable, as well as when 
effected with equal ease. The following table exhibits the cleavages 
of the several prismatic primaries : 

Three similar cleavages : Cube and Rliombohedron. 

Two similar cleavages : Right Square Prism, Right Rhombic Prism, and Oblique 
Rhomboidal Prism. 

Three dissimilar cleavages: Right Rectangular Prism, Right Rhomboidal Prism, 
and Oblique Rhomboidal Prism. 

If we observe a crystal with two similar rectangular cleavages, 
and a third unlike the other two, the primary, according to the 
above, is a right square prism. If the two similar cleavages are 
obliquely inclined to one another, but at the same time, at right 
angles with the third, the form is a right rhombic prism. We may 
generally distinguish, when the faces have oblique inclinations, by 
inspection merely ; in doubtful cases, the goniometer may be em- 
ployed. When we observe three equal oblique cleavages, the form 
under consideration is rhomboliedral ; if these cleavages are rectan- 
gular, the form is the cube. 




DETERMINATION OF PRIMARY FORMS. 



37 



Minute observation is seldom required in the determination of 
the similarity of two cleavages ; for the difference, if any exists, is 
usually strongly marked. Anhydrite is a single exception to this 
remark. Its three rectangular cleavages are quite similar, though, 
with close examination, peculiarities are readily observed in each 
of them. 

The employment of this method of determining the primary form, 
is often attended with considerable uncertainty, arising from the 
existence of other cleavages in crystals, besides those parallel to the 
faces of the primary. Some reference to this subject has already 
been made in § 27, 6, where it is stated that a rhombic prism may 
have the cleavage of a rectangular prism, and vice versa. In these 
cases, we must decide from analogy, either assuming those planes 
to be primary, parallel to which cleavage is obtained with the great- 
est facility, or, in some instances, those which are of the most fre- 
quent occu rrence. The instances are very numerous in which this 
character entirely fails of affording any assistance, on account of 
the difficulty with which cleavage is obtained. Occasionally, we 
may be guided by the cleavage joints, which are sometimes apparent 
when cleavage is unattainable. 



4. SITUATION OF SECONDARY PLANES. 

52. This is the most important of the four methods for the determi- 
nation of the primary of a crystal. It will merely lead us, how- 
ever, to the class to which the crystal belongs, as all the forms of 
the same class may have the same secondaries. For example ; the 
rhombic prism may occur under the form of a secondary rectangu- 
lar, and all the modifications of a rectangular prism, may be referred 
to a right rhombic, (§ 10.) But for the determination of a mineral, 
a knowledge of the class is usually sufficient. This being known, 
by an examination of the angles, if convenient, and other charac- 
ters, we soon arrive at the name sought. Generally the planes on 
two or three edges, or on an angle or two, are sufficient for this pur- 
pose, and, consequently, an imperfect crystal is often adequate to 
give full information. The goniometer may frequently afford as- 
sistance, but usually the results may be obtained by mere inspection. 

53. The principles of this method have already been laid down in 
§ 28 ; they depend on the law, that similar 'parts of a crystal are 
similarly modified. According to this law, the following table is 
constructed, in which the peculiarities of the situation of secondary 
planes in each class, are so laid down, that the whole may be com- 
prehended at a single glance. 

The position of the right rhomboidal prism, assumed in the table, 
is that represented in fig. 88. The peculiarities of its secondary 
planes, with reference to its situation on its rhomboidal base, are 
described in a note. 
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In the determination of the similarity or dissimilarity of planes, 
the following laws are of the utmost importance, and their applica- 
tion will often prove a similarity, where, from the great dissimilarity 
in the size of the planes, it was not supposed to exist. 

1. Planes equally inclined to the same plane, are similar. 

2. Planes equally inclined to similar planes, are similar. 

54. 'Pile following are a few examples of the mode of applying 
this table. We may select, first, fig. 1, of the species iron pyrites. 
Its primary form is required. 

We inquire, first , are all the edges similarly modified? We ob- 
serve that they are ; and, therefore, the crystal belongs to the mono- 
metric system. The particular primary may be determined by 
either of the three preceding methods. 

The perfect symmetry in the forms of this class is so remarkable, 
that a cursory glance will distinguish them immediately from any 
of the other classes, without a particular examination of the above 
fact. 

Respecting a figure of calcareous spar, (see the description of this 
species, in the descriptive part of this treatise,) we ask the same ques- 
tion, but find that all the edges are not similarly modified, and the 
angles are not truncated or beveled. The general appearance of the 
crystal alone would distinguish it from the monometric forms. We 
proceed and inquire, second , Is the number of similar planes, at each 
extremity of the crystal, in any instance, either three or a multiple 
of three ? W e observe, in the figure, one R at the upper end, and 
two at the lower. These latter must have their opposites above, 
and, therefore, there are three R s at the upper extremity. This is 
sufficient to decide the question in the affirmative. But, looking 
farther, we also find that there are three planes e, two are visible 
at the upper extremity, and the third is seen below. In these ex- 
aminations, it may be taken as an invariable rule, that the num- 
ber of faces of any one kind, represented at both extremities of a 
figure of a crystal, indicates the number actually existing at each 
extremity, and for the reason that each face has one similar to it, 
diagonally opposite. Hemihedrism produces some exceptions, but 
they will cause no difficulty in the application of the above prin- 
ciple. 

To continue, we observe, on this principle, six planes e', at each 
extremity, six planes e\ three planes a" and a ' ; so that, in every 
instance, the number of planes of the same kind is either three, or 
a multiple of three. The same will prove to be the fact with the 
figures of apati te, quartz, &c. 

We therefore conclude, that this crystal has either a rhombohe- 
dron or a hexagonal prism, as its primary ; that is, it belongs to the 
class Tetraxona. We may infer, that the rhombohedron is the 
primary, from the occurrence of only three planes of some kinds ; 
the hexagonal prism is always modified with at least six planes of 
each kind, at each extremity. See figures of crystals of beryl, &c. 



40 



CRYSTALLOGRAPHY. 




For farther elucidation, we may consider figures of the species 
pyroxene and anorthite. In answer to the first and second queries, 
with respect to these figures, we receive a negative reply. There 
are not three planes of any one kind at either extremity of these 
crystals. We, hence, make the third inquiry, are the front supe- 
rior basal edges and angles modified in the same manner as those 
below, or the posterior above ? This is not true with either figure. 
In the figure of pyroxene, the plane a has no corresponding one 
above ; so, also, there are two planes on an inferior basal edge of 
anorthite, and but one on the corresponding superior. Other planes 
concur in deciding the question in the negative : but a single in- 
stance is sufficient. 

The figures, therefore, belong to oblique prisms, and may be of 
the class Monoclinata or Triclinata. 

We then make the subordinate inquiry, Are there two adjacent, 
or approximate similar planes in these crystals. In the figure of 
pyroxene we observe two similar Ms. If we doubted their sim- 
ilarity, we might decide it by finding with the goniometer, that e 
inclined equally on these planes. Our conclusion is then imme- 
diate, that the crystal belongs to the Monoclinate system. We 
might also observe the pairs of faces, o, 5, a , a, &c., and thus 
could dispense with any measurement. 

On examining the figure of anorthite with the same inquiry, we 
find no adjacent or approximate similar planes ; no plane on the 
edge P : T, corresponding with that on the edge P : M. The planes 
a, «•, which appear to be similar, are unlike in their inclinations, 
and are therefore dissimilar. Indeed, look the whole figure through, 
we find no two similar planes. We hence have no room for a 
doubt, that this crystal is triclinate. 

Again. With a view of examining fig. 2, of the species heavy 
spar , we make the same, first , second , and third inquiries, and 
find that the reply to each is in the negative. We observe, that the 
similar planes are not in any instance a multiple of three, that there 
are similar planes, a a, a a, e e, at each extremity in front. We, 
therefore, continue the investigation, by making the fourth inquiry, 
Are there in each instance, four or eight similar secondary planes 
at the extremities of the crystals, or are there but two, and not more 
than four, of some planes ? We observe but two planes, a. We 
need look no farther ; the crystal belongs to the trimetric system. 
If we look farther, we find only two planes, a, and four planes, o. 
If these four planes were the only secondaries at each extremity, it 
would be necessary to look to the planes on the edges, and ask, 
fifthly , Are all the lateral edges similarly truncated or beveled ? 
But evidently, the plane e differs from plane e. This decides again 
the figure to represent a trimetric solid. With reference to fig. 3, of 
idocrase, we observe the lateral edges similarly truncated and bev- 
eled ; we also find eight planes, o', o // , o /// , o 4 , &c. The conclusion 
is therefore drawn, without hesitation, that the figure belongs to a 
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dimetric crystal, and has a right square prism, or a square octahe- 
dron for its primary. 

The reader is advised to select from the figures in the descrip- 
tive part of this treatise, and attempt to apply the above principles, 
in order to become fully acquainted with them. In their applica- 
tion, if the crystal has a prismatic form, we may consider any of 
the faces of the prism as lateral planes, (with this restriction, that 
if one of two similar planes be selected, the other must also be,) for 
the above interrogations will apply equally well, whatever selection 
be made, and the conclusions will be equally correct. Thus, in 
the figure of heavy spar, we may assume e and c for primary planes, 
and still the conclusion will be obtained, that the crystal is tri- 
metric. 

DIFFICULTIES IN THE DETERMINATION OF A PRIMARY ARISING 

FROM PSEUDOMORPHISM. 

55. A pseudomorphous crystal , is one which possesses a form 
that is foreign to it , and which it has received from some other 
cause , distinct from its own powers of crystallization. 

Pseudomorphous crystals may arise in different ways ; either by 
the infiltration of foreign matter into the cavities of decomposed 
crystals ; by the external accretion of foreign matter on the sur- 
faces of crystals ; or by a decomposition of a mineral, and its grad- 
ual replacement by another possessing some points of resemblance 
with the original mineral in its chemical constitution. 

The two first methods are readily comprehended; in the first, 
the cavity acts the part of a mould, and gives all its peculiarity of 
form to the mineral that may infiltrate into it ; in the second, a 
series of coatings are supposed to be formed around a crystal and 
thus to produce a solid, presenting the form of the included crystal, 
though entirely different in chemical composition. The last method 
stated above, is by far the most frequent source of pseudomorphs, 
though the process by which they have been formed is often very 
obscure. A number of changes of this kind have been described 
by Haidinger, in vols. ix and x, of Brewster’s Edinburgh Journal. 
Specular iron , the form of whose crystals is rhombohedral, has been 
observed in regular octahedrons, which is the primary of magnetic 
iron ore. The crystal, originally, belonged to the latter species ; 
but a change of composition has taken place, without an accom- 
panying change in the external form. Magnetic iron consists of 
one atom of protoxyd, and two of peroxyd of iron ; specular iron, 
of pure peroxyd of iron : the only change required, therefore, is 
an additional oxydation of the protoxyd of iron, by which the 
whole becomes peroxyd or specular iron. In a similar manner, 
crystals of carbonate of lead, or white lead , are occasionally changed 
into minium , or oxyd of lead, without the least alteration in exter- 
nal form, the striae of the surface remaining perfect. Similarly, 
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minium may present the form of galena ; Witherite, or carbonate of 
barytes, the form of sulphate of barytes or heavy spar ; tungstate of 
iron or wolfram, the form of tungstate of lime, &c. In the last 
instance, there is merely a substitution of iron for lime, which 
would readily take place, provided iron were present,’ if any decom- 
posing agent should remove the lime. Forms of this kind have 
been observed at Monroe, Conn. Other instances of more difficult 
explanation, are, the pseudomorphs of Prehnite, imitative of anal- 
cime ; of steatite, imitative of quartz or calcareous spar ; of quartz, 
imitative of fluor or calcareous spar. Haidinger supposes, with 
respect to the last, that “ water, charged with carbonic acid, and by 
that means holding silica in solution, may have dissolved the ori- 
ginal species, and deposited the siliceous matter in its stead.” It 
has long been disputed, whether the crystals of serpentine were 
pseudomorphous. This subject has lately been investigated by 
A. Qnenstedt, ( Annalen der Physik, etc. No. 11. 1835,) who finds 
them identical in form with crystals of chrysolite, and shows, that 
the change requires merely an addition of water, and a removal of 
a part of the magnesia, and may, therefore, be effected by the very 
common agents, aqueous vapor and carbonic acid.* 

It may be doubted whether the first species of pseudomorphism 
pointed out above, ever takes place in nature. More probably, 
those cases which have been supposed instances of it, would more 
correctly be referred to the last method. 

Pseudomorphous crystals are distinguished, generally, by their 
rounded angles, dull surfaces, destitution of cleavage joints, and 
often granular composition. Their surfaces are frequently drusy, 
or covered with minute crystals. Occasionally, however, the re- 
semblance to real crystals is so very perfect, that they are distin- 
guished with difficulty. A total want of cleavage is their most 
constant peculiarity. 



CHAPTER IY. 

COMPOUND CRYSTALLINE STRUCTURE. 

56. The compound crystalline structure of minerals may arise 
either from a modification of the regular laws of crystallization, re- 
sulting from the nature of these laws, or a modification produced 
by the influence of other causes, in connection with these laws. 



* Serpentine is represented by the following formula : — 

3 My 2 My 1 Si 2 and chrysolite by Mg’Sf. 

If to four atoms of chrysolite — Mg 12 S 4 ==2Mg' , S 2 -f- Mg 6 , we add 6 atoms of water 

=6H, we obtain for serpentine, 2Mg 3 S 2 -|-3MgH 2 , together with three atoms of 
magnesia, which are separated from the compound. 
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In the first case, the mineral still presents, externally, crystalline 
faces, and the individuals consist of two or more crystals intimately 
united in their internal structure. They are called Compound or 
Twin Crystals. 

The second kind of compound structure is exemplified in speci- 
mens which are said to be imperfectly crystalline, and which are 
aggregations of numerous imperfect crystals, either laterally ap- 
posed, as in the fibrous structure, or confusedly mingled, as in min- 
erals of a granular structure. 

1. COMPOUND CRYSTALS. 

57. Compound crystals are the analogues of monsters in the 
animal kingdom. They may be composed of two united crystals, 
or of several. 

Compound Crystals , composed of two individuals , or Twin 

Crystals. 

Representations of some of these compound forms are given in 
figs. 13, 14, 15, 16, PI. III. Their structure may be imitated by 
cutting a model of a crystal in two halves, inverting one of the 
halves, or revolving it 180°, and then applying it thus inverted to 
the other half, bringing the same surfaces in contact that were sepa- 
rated. Fig. 128 is an octahedron, which is represented as cut in 
two in the plane, a, b, c, d , e, f. If we now revolve one half 60° or 
180°, and reapply it to the other, it produces the forms in fig. 129. 

If a rhombic prism is divided in a vertical plane, parallel to a 
lateral face, (fig. 130,) as it were on an axis passing from M to the 
opposite face, the form, (fig. 131,) is obtained. This is easily veri- 
fied by actual experiment. 

If the same rhombic prism were divided in the diagonal section, 
and a similar revolution of one half were made, no twin crystal 
would result. But were the prism an oblique rhombic, in which 
case, the base would be inclined to the lateral planes, a solid simi- 
lar to that in fig. 14, PI. III., would be obtained. 

l 2 




The first of the above figures is a right square prism, terminated 
by four sided pyramids. This solid we may bisect in the plane, 
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which is a diagonal section passing from one solid angle to the op- 
posite. One half inverted and applied to the other produces tig. 2. 

We have thus described all the kinds of twin crystals composed 
of two individuals, that occur in nature. 

1. In the first , composition was effected parallel to a primary 
face. 

2. In the second , parallel to a plane on an edge. 

3. In the third , parallel to a plane on an angle. 

The plane on an edge referred to, is the truncating plane of the 
same, or what corresponds to it in the inequilateral primaries ; that 
is, it has the simple ratio 1 A : 1 B, (§ 35.) Also the plane on an 
angle is the truncating plane of the same, or that which has the 
simple ratio 1 A : 1 B : 1 G. 

The twin crystals produced by the above methods, will hereafter 
be described as twin crystals of the first, second, and third kinds. 

Composition parallel to some other plane on an edge, or angle, 
occasionally occurs in crystals which are hemihedrally modified, 
or which invariably present a certain secondary form, proving 
some peculiarity in the nature of the attractions by which the 
crystal is governed. 

These crystals may be modified by secondary planes in the same 
manner as simple crystals, and thus are often produced some of the 
most complex solids that engage the attention of the crystallogra- 
pher. 

Fig. 16, PI. III., is a scalene dodecahedron of calc spar, in which 
composition has apparently taken place, parallel to a horizontal 
section through its centre. By considering the situation of the 
primary rhombohedron in this solid, it is perceived that the com- 
position is parallel to the plane truncating the terminal solid angle, 
and is, consequently, of the third kind. This figure presents none 
of the faces of the rhombohedron, which indicates the perfect union 
that exists between the two individuals, or rather, that their union 
was cotemporaneous with the commencement of their formation, 
and proceeds from the double nature of the first stone that was 
laid in the construction of the crystal. These forms are, in this 
respect, distinct from a kind of compound crystal, arising from 
the union of two crystals some time subsequent to the commence- 
ment of their formation. The forms above described, are connatal 
compound crystal, those just referred to, 'postnatal ; the commence- 
mencement of the former being cotemporaneous with that of the 
crystals composing them, while in the latter, it is subsequent to the 
same. 

Compound Crystals, composed of more than two Individuals. 

58. The same kind of composition often takes place parallel to more 
than one primary face, edge, or angle, and thus are produced com- 
pound crystals, composed of several individuals. Fig. 3, PI. IV., 
is a hexagonally prismatic crystal of white lead, in which composi- 
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tion has taken place parallel to two primary faces. This crystal re- 
sembles a secondary to a rhombohedron or hexagonal prism, but is 
distinguished by the inequality of its lateral angles. Fig. 5, PI. IV., 
is a stellated form of carbonate of lead, in which the composition 
is parallel to all the lateral faces. 

This subject will be continued more at length in a future sec- 
tion when treating of the internal structure of crystals. 

Compound crystals may usually be distinguished by their re- 
entering angles, or by the striae on their surface. These striae meet 
at an angle in the line where composition has taken place. (See a 
figure of a compound crystal of chrysoberyl.) 

It is very possible that twins of the first kind may occur in the 
rectangular prisms, which are not distinguishable on account of 
the rectangularity of the crystals. An attempt to form a twin crys- 
tal of the first kind out of a rectangular prism, that would exhibit 
its compound structure, would be ineffectual. It requires obliquity 
in some of the interfacial angles. Some undoubted instances of 
the occurrence of a compound nature, in crystals of this kind, have 
been detected by Sir David Brewster, by the assistance of polarized 
light. 

Postnatal Compound Crystals. 

59. We have already defined postnatal twins, to be those in which 
the composition has taken place, after each crystal had attained 
some considerable size. Figure 9, of quartz, represents one of these 
double crystals. The simple crystals in these instances are uni- 
formly united by similar parts, and, consequently, have their simi- 
lar faces parallel. 

Groups of crystals, consisting of aggregations of crystals of va- 
rious sizes, are frequently instances of postnatal composition. Often, 
however, the aggregation is very irregular. 

The doubly geniculated crystals are instances of a second kind of 
postnatal compound crystal. One of the forms is represented in 
fig. 12, PI. IV. These geniculations were evidently formed after the 
crystal had attained some size, and not at the commencement of its 
formation. (For a more particular account of the structure of 
these forms, see the remarks on Crystallography, (§ 74 — 79.) 

2. AGGREGATIONS OF IMPERFECT CRYSTALS. 

60. The greater part, and probably all, of the specimens of 
minerals that occur on our globe, may be described as aggregations 
of imperfect crystals. Even those whose structure appears the 
most purely impalpable, and the most destitute internally of any 
similarity to crystallization, are probably composed of crystalline 
grains. An examination of Chalcedony by means of polarized light, 
by Sir David Brewster, has proved this to be true with respect to 
this mineral, and few species occur which appear to the eye more 
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perfect specimens of a complete absence of crystallization. Indeed, 
what is still more remarkable, according to Sir David Brewster, 
“ the phenomena of polarization have proved that the jellies of 
oranges and gooseberries are really crystallized, and that they even 
possess doable refraction.”* W e, consequently, shall include under 
the above head, all the remaining varieties of structure in the min- 
eral kingdom. The only certain exceptions are liquids and gases, 
and these are so few, and require so few remarks, that a separate 
caption for them is thought unnecessary. 

The individuals composing imperfectly crystallized individuals, 
may be 

1. Columns , or fibres, in which case the structure is columnar . 

2. Thin lamina ?, producing lamellar structure. 

3. Grains , constituting the granular structure. 

1. Columnar Structure. 

61. A mineral possesses the columnar structure, when it is com- 
posed of elongated columns. These columns vary much in their 
relative situation, and produce several varieties of the columnar 
structure. 

Fibrous ; when the columns or fibres are parallel. Ex. gypsum, 
asbestus. 

Reticulated ; when the fibres, or columns, cross in various direc- 
tions, and produce an appearance having some resemblance to 
a net. 

Stellated , or stellular; when they radiate from a centre in all 
directions, and produce a star-like appearance. Ex. stilbite, gyp- 
sum. 

Radiated, divergent ; when the crystals radiate from a centre, 
but not, necessarily, so as to produce stellar forms. Ex. quartz, 
gray antimony. 

Globular , reniform ; when, by radiating from a centre in every 
direction, a spherical, hemispherical, or kidney-shaped form is pro- 
duced. When attached as they usually are to the surface of a rock, 
these are described as implanted globules. If the surface of the 
■globular masses is rough with minute terminations of small crys- 
tals, it is described as drusy. This term is also applied to other 
varieties of structure, with surfaces similarly roughened by crys- 
tallization. 

Botryoidal ; when there is a tendency to radiation from a centre, 
and the surface formed, is covered with rounded prominences. The 
name is derived from the Greek, §o-£u*, a bunch of grapes. Ex. 
hsematite, Chalcedony. 

Mammillary ; resembles the botryoidal, but is composed of 
larger prominences. 



* Brewster’s Ed. Jour. Yol. 10, p. 28. 
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The fibres are described as filiform or capillary , when very 
slender and much elongated. 

Stalactitic ; when the fibres radiate from a central column. 

This term is generally applied to minerals of a certain mode 
of formation rather than peculiarity of internal structure. Those 
forms are called stalactites which have been produced by the 
percolation of water, holding in solution some mineral matter, 
through the rocky roofs of caverns, or, it may be, small cavi- 
ties. The evaporation of the water produces a deposit of the mine- 
ral matter, and gradually forms a long pendant cylinder or cone. 
The internal structure may be perfectly crystalline, or may con- 
sist of fibres radiating from the central column. Carbonate of lime 
is the principal mineral that presents the above forms. It is ob- 
served also in Chalcedony, Gibbsite, brown iron ore, and many other 
species. 



2. Lamellar Structure. 

62. The structure of a mineral is lamellar, when composed of 
plates or leaves. The laminas may be curved or straight, and thus 
give rise to the curved lamellar, and straight lamellar structure. 
Ex. tabular spar, some varieties of gypsum, talc, <fcc. 

3. Granular Structure. 

63. The granular particles of composition differ much in their 
size. When very coarse, the mineral is described as coarsely gran- 
ular ; when fine, as finely granular ; and if not distinguishable by 
the naked eye, the structure is termed impalpable. Examples of 
the first may be observed in granular carbonate of lime, colo- 
phonite, the coccolite variety of pyroxene ; of the second, in some 
varieties of specular iron ; of the last, in Chalcedony, opal, and 
most of the mineral species 

The above terms are indefinite, but from necessity, as there is 
every degree of fineness of structure in the mineral species, from 
the perfectly impalpable, through all possible shades, to the coarsest 
granular. 

Globular and reniform shapes are occasionally presented by min- 
erals of a lamellar or granular structure. 
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CRYSTALLOGENY. 



SECTION II. 

CRYSTALLOGENY. 

64. The following remarks on Crystallogeny, or the formation 
of minerals, will be distributed in two sections. 

1. The theoretical part, in which will be considered the various 
theories which have been adduced to account for the structure of 
crystals, and a particular account of that which appears to be most 
consistent with observed facts. 

2. The practical part, including the different processes of crys- 
tallization and the attendant circumstances. 



CHAPTER I. 

THEORETICAL CRYSTALLOGENY. 

THEORIES OF VARIOUS AUTHORS. 

65. The question naturally arises in the mind of the student of 
nature, what are the laws by which molecules are superimposed on 
molecules in perfect order, and these tiny yet wonderful specimens 
of architecture constructed? What is this crystallogenic attraction? 
What the nature of the ultimate particles of matter ? 

Speculations on these subjects have displayed the ingenuity of 
men of science in various ages of the world. The Grecian phi- 
losophers, to account for the various phenomena in nature, ima- 
gined these ultimate particles or atoms to be at different times, 
“ round, oval, lenticular, flat, gibbous, oblong, conical, smooth, 
rough, quadrilateral,”* and, to afford these atoms the means of 
uniting in the production of compounds, provided them with 
hooks. Such crudities are evidence of the utter futility of study- 
ing material nature, in the same manner as immaterial, relying 
on thought — aided, it may be, by the sensations, but unassisted by 
any inquiries into the nature of matter itself — for a knowledge of 
the qualities of matter. The investigations of modern times have 
not, indeed, answered the query, what is this plastic power in na- 
ture ; but they have led philosophers to be satisfied with calling it 
by the general appellation, attraction ; a term rather expressive of 
the fact, that the particles combine, than explicative of the nature 
of this power. 



* Epicurus. 



